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ADVERTISEMENT. 


The  Institution  is  not  responsible  for  the  opinions,  statements  of  facts,  or  trains 
of  reasoning  contained  in  the  following  pages ;  such  responsibility  rests  en¬ 
tirely  with  the  authors  of  the  respective  communications.  Nor  is  publication, 
in  the  Transactions  of  the  Institution,  of  the  account  of  an  executed  work 
or  invention,  to  be  taken  as  any  expression  of  opinion  on  the  merits  of  such 
work  or  invention, 


TRANSACTIONS. 


I. — On  Steam-Boilers  and  Steam-Encjines. 

By  JOSIAH  PARKES,  M.Inst.C.E. 

In  a  former  paper*  “  On  the  Evaporation  of  Water  from  Steam-boilers,”  I  laid 
before  the  Institution  several  tables  shewing  the  evaporative  product  of  three 
distinct  classes  of  boiler  in  common  practice ;  with  remarks  elucidating  various 
phenomena  which  attend  combustion,  and  the  treatment  of  fuel.  I  now  propose 
to  investigate  and  compare  the  peculiar  properties  of  those  and  other  boilers, 
as  exemplified  in  their  practice  ;  to  show  their  points  of  agreement  and  disagree¬ 
ment  ;  to  exhibit  their  respective  merits  and  demerits  as  evaporative  vessels  ;  to 
point  out  some  general  laws  which  may  contribute  to  give  greater  uniformity 
to  the  results  of  evaporation  from  any  assigned  heated  surface  of  boiler,  and 
enable  the  employer  of  a  boiler,  not  only  to  ascertain  if  he  is  using  his  fuel 
economically  or  wastefully,  but  to  apply  a  remedy  should  he  find  his  practice 
imperfect. 

I  stated,  in  the  paper  referred  to,  that  ee  had  we  a  full  knowledge  of  the 
relative  strength  of  the  coals  employed,  and  full  information  of  the  respective 
areas  of  the  grates,  and  of  the  heated  surface  of  the  boilers,  an  investigation 
into  the  causes  of  the  superiority  of  one  boiler  over  another,  both  as  regards  their 
evaporative  power  and  evaporative  economy ,  might  be  instructively,  if  not  success¬ 
fully  entered  upon.”  The  tables  in  that  paper  give  the  amount  of  evaporation, 
the  weight  of  fuel  consumed,  and  the  temperature  of  the  water  entering  a 
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variety  of  boilers ;  by  further  tabulating  the  dimensions  of  the  several  boilers, 
the  area  of  their  grates,  the  area  of  their  heat-absorbing  surfaces,  with  the  rates  of 
combustion  and  evaporation,  we  have  every  element  for  the  proposed  investigation 
and  comparison,  excepting  one,  viz.  the  relative  strength  of  the  coals  employed. 
This  is  a  deficiency  which  cannot  be  supplied,  but  the  absence  of  that  know¬ 
ledge — interesting  and  useful  as  it  would  be — will  not  be  found  to  affect  those 
general  principles  which  conduce  to  the  economy,  durability,  and  safety  of 
steam-boilers,  principles  which  depend  on  the  construction  and  proportion  of  the 
vessels  to  the  work  required  of  them,  combined  with  their  management  and  the 
application  of  the  heat. 

Evaporation  is  the  measure  of  the  useful  effect  obtained  from  any  given  weight 
of  fuel  of  any  kind.  By  comparing,  therefore,  the  product  from  one  boiler 
with  that  from  another,  and  by  observing  the  results  of  different  modes  of 
practice  on  the  same  boiler,  the  value  of  any  arrangement  of  the  parts  of  an 
evaporative  vessel,  with  its  fitness  for  its  intended  purpose,  can  be  ascertained. 
For  the  sake  of  clearness,  I  shall  confine  my  remarks  on  the  steam-boilers  under 
review  to  Part  I.  of  this  paper,  so  far  as  regards  the  elucidation  of  their 
qualities,  and  performance  as  evaporative  vessels,  their  general  management,  and 
the  phenomena  attending  the  combustion  of  the  fuel. 

Evaporation,  when  combined  with  the  knowledge  of  the  duty  done  by  an 
engine,  is  also  the  measure  of  the  useful  effect  of  a  given  weight  of  water  in 
the  shape  of  steam,  as  an  agent  of  mechanical  power ;  and  it  furnishes  the  only 
true  test  of  the  value  of  different  systems  of  applying  steam.  Were  we  ignorant 
of  all  the  other  properties  of  steam  besides  those  of  its  elasticity,  its  expansive¬ 
ness,  and  its  condensibility,  we  could  still — -if  acquainted  with  the  weight  of 
water  which,  in  the  shape  of  steam,  has  passed  from  the  boiler  through  the 
cylinder  of  an  engine,  and  produced  a  certain  effect — arrive  at  a  practical  and 
precise  determination  of  the  efficiency  of  that  steam  as  a  motive  force,  and  of 
the  relative  excellences  of  different  engines. 

During  the  infancy  of  the  steam-engine  the  quantity  of  water,  as  steam, 
necessary  to  produce  a  given  effect  or  duty,  was  as  much  the  object  of  consi¬ 
deration  by  the  chief  improvers  of  the  engine,  as  the  quantity  of  coal  consumed. 
It  formed  the  subject  of  continual  trial  and  laborious  study,  both  experimentally 
and  practically,  by  Smeaton,  and  it  was  the  basis  of  Watt’s  discoveries. 
Smeaton,  with  his  characteristic  accuracy  of  detail,  has  recorded  the  particulars 
of  the  boilers,  evaporation,  consumption  of  fuel,  and  duty  of  the  Long  Benton 
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engine,  which  was  the  model,  and  may  be  called  the  gauge  of  the  performance 
of  the  best  engines  on  the  atmospheric  principle.  I  have  transferred  the  particulars 
of  these  boilers  and  engine  to  the  ensuing  tables,  not  only  as  interesting  matters  of 
history,  but  as  useful  evaporative  and  comparative  facts. 

I  am  acquainted  with  no  other  recorded  trial  of  the  whole  quantity  of  steam 
passing  through  Watt’s  double  engine  than  that  made  by  himself  and  Rennie, 
at  the  Albion  Mills  ;  I  have  also  extracted  these  particulars,  and  tabulated 
them  as  affording  a  specimen  of  that  which  was  considered  by  Watt  himself  as 
the  full  performance  of  his  rotative  engine.  The  duty  done  by  the  engine  at 
the  Albion  Mills,  as  estimated  by  the  quantity  of  steam  used,  has  probably  not 
been  exceeded  by  any  one  of  the  same  unexpansive  kind  since  constructed  by 
Watt,  or  other  makers,  though  in  a  few  instances  less  coal  may  have  been 
consumed  through  more  skilful  management,  and  the  use  of  better  boilers. 

The  bushel  of  coal  was  originally  fixed  by  W att  as  the  measure  of  the  duty 
done  by  the  pumping  engine.  It  was  presumed  that  the  engine  which  con¬ 
sumed  the  least  coal,  required  the  least  steam,  and  doubtless,  on  the  aggregate 
of  engines  of  the  same  class  having  similar  proportions  of  parts  and  boiler,  and 
using  the  same  kind  of  coal,  this  would  be  true.  For  commercial  purposes, 
also,  when  the  maker  was  paid,  as  Watt  originally  was,  a  certain  share  of  the 
saving  in  coals  which  he  effected  over  other  engines,  the  weight  or  measure  of 
fuel  burnt,  compared  with  its  effect,  formed  the  most  convenient  criterion  of  the 
merit  of  the  engine  between  its  maker  and  its  employer.  Hence  originated  the 
denomination  of  duty,  as  the  weight  of  water  raised  one  foot  by  a  bushel  of  coal. 
The  constant  association  of  this  standard  in  the  minds  of  engineers,  has  probably 
been  the  cause  that,  notwithstanding  the  progressive  improvements  in  the  per¬ 
formance  of  pumping  engines,  in  Cornwall  especially,  we  have  remained  in  utter 
ignorance  of  the  progressive  diminution  in  their  consumption  of  steam.  From 
neglecting  to  determine  this  indispensable  datum,  it  has  chiefly  arisen  that  the 
reports  of  the  Cornish  engineers,  as  to  the  duty  done  by  the  modern  high  pres¬ 
sure  expansive  engines,  have  been  so  long  either  discredited  or  doubted.  A 
loophole  has  been  left  for  disbelief,  by  their  referring,  from  fixed  habit,  to  an  un¬ 
certain,  rather  than  to  a  certain  standard  of  comparison,  and  though  in  a  district 
of  England  where  every  engineer,  and  every  employer  of  an  engine,  (persons 
the  most  interested  in  ascertaining,  and  the  most  capable  of  determining,  and 
profiting  by  the  truth,)  have  been  for  years  satisfied  as  to  the  preeminent  supe¬ 
riority  of  the  high  pressure  expansive  over  Watt’s  low  pressure  engine,  never- 
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theless,  strong  assertion  has  never  been  idle  beyond  the  confines  of  that  district, 
in  attributing  the  reported  difference  in  the  performance  of  these  two  engines,  to 
a  false  or  incorrect  mode  of  taking  the  duty,  to  some  miraculous  strength  of  the 
coals  employed,  or  to  some  mysterious  and  unexplained  fertility  of  steam  in  the 
Cornish  boiler.  On  the  other  hand,  the  advocates  of  the  high  pressure  expan¬ 
sive  system  may,  from  the  same  want  of  positive  data,  have  somewhat  exag¬ 
gerated  the  dynamic  advantage  derivable  from  that  method  of  employing 
steam. 

Mr.  Wicksteed*,  by  his  admirable  eocperimentum  crucis,  viz.,  the  weighing  of 
the  water  actually  raised  by  a  bushel  of  coals,  has  demonstrated  the  near  coin¬ 
cidence  of  the  Cornish  system  of  ascertaining  the  duty  with  the  real  perform¬ 
ance  of  the  engine.  Still,  the  knowledge  of  the  steam  consumed  in  doing  the 
duty,  remained  to  be  unfolded.  This  I  have  at  length  the  means  of  developing 
from  experiments  on  two  Cornish  engines,  which  will  establish  that  boiler  and 
engine  in  their  true  situation  in  the  scale  of  economy.  These,  with  similar 
facts,  indicated  by  a  knowledge  of  the  evaporation  and  duty  of  several  other 
classes  of  engines,  I  propose  to  consider  separately  in  a  second  part  of  this 
paper. 


PART  I. 

ON  THE  QUALITIES  OF  STEAM-BOILERS,  AND  ON  THE  INFLUENCE  EXERCISED  OVER 
EVAPORATION  BY  THEIR  PROPORTIONS  AND  PRACTICAL  MANAGEMENT. 

My  own  experiments  on  these  subjects  commenced  more  than  twenty  years 
since,  and  I  fortunately  preserved,  in  each  instance,  the  particulars  of  the  di¬ 
mensions  of  the  boilers  and  grates  operated  upon.  I  very  early  perceived  that 
the  completeness ,  and  the  rate  of  combustion,  were  important  elements  in  eva¬ 
porative  economy,  and  also  that  the  proportion  of  the  grates  to  the  combustion 
effected  upon  them,  as  well  as  to  the  whole  heat-absorbing  surface,  exercised  a 
considerable  influence  over  the  results ;  nor  could  I  fail  to  observe  that  the 
greatest  results  were  obtained  when  these  elements  bore  some  certain  ratio  to 
each  other.  Still  I  did  not  consider  that  the  amount  of  my  experience,  or  the  num¬ 
ber  of  my  experiments,  operating  as  I  did,  on  one  form  of  boiler  alone,  (the  wagon,) 
justified  the  laying  down  a  rule  which  could  be  common  to  all  the  possible  forms 
of  boiler  It  appeared  to  me  that  the  boiling  apparatus  of  a  steam-engine  was 
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capable  of  being  thrown  into  an  infinite  variety  of  shapes ;  that  the  combustion 
of  the  fuel  might  be  employed  at  an  intensity  far  exceeding  that  in  the  then 
common  practice  ;  and  I  thought  it  very  possible  that  some  strange  shape  and 
condition  of  boiler  might  be  invented,  which  would  set  a  limit  to  practice  in 
rapid  combustion,  whilst  I  considered  my  own  practice  at  Warwick  to  have 
reached  very  nearly  the  extreme  of  slow  combustion.  I  also  thought  that  va¬ 
rieties  of  boilers,  or  systems  of  practice  might  be  introduced,  which  would  serve 
as  intermediate  specimens,  and  connect  the  two  extremes.  Time  has  justified 
these  expectations,  and  by  this  delay  I  have  avoided  falling  into  the  too  com¬ 
mon  error  of  generalizing  from  insufficient  data,  or  isolated  facts, — an  error  pro¬ 
ductive  of  much  mischief  to  the  progress  of  science,  as  the  reputation  of  an 
author,  coupled  with  the  indisposition  of  the  mass  of  men  to  think  for  them¬ 
selves,  frequently  occasion  very  imperfect,  and  even  erroneous  doctrines  to  be 
received  as  law.  It  is  not  till  facts,  unexceptionable  in  their  nature,  and  mul¬ 
tiplied  in  number,  stand  forth  in  all  the  clearness  of  truth,  that  the  theory  of 
their  action  can  be  investigated  with  certainty  and  success. 

T o  my  own  experiments  *  detailed  in  my  former  paper  on  wagon  boilers,  I 
have  now  added  Smeaton’s  at  the  Long  Benton,  and  Watt’s  at  the  Albion 
Mills  engines. 

Since  the  period  referred  to,  the  locomotive  engine  has  sprung  into  being, 
and  its  boiler  has  taken  a  place  so  important  as  an  evaporative  vessel,  that  to 
an  enquirer  on  this  subject  it  is  full  of  interest.  It  touches  the  margin  of  the 
highest  possible  intensity  of  combustion  in  its  use  of  fuel ;  it  exceebls  all  other 
boilers  in  evaporative  power,  and  presents  in  its  various  properties,  contrasts  so 
striking  with  every  other  class  of  boiler,  that  the  anatysis  of  its  properties  and 
effects  is  eminently  instructive.  M.  de  Pambour  having  recorded  the  full  par¬ 
ticulars  of  the  boilers  and  grates  belonging  to  the  engines  on  which  he  experi¬ 
mented,  I  am  able  to  examine  them  in  reference  to  their  qualities  and  evapo¬ 
ration,  of  which  I  gave  a  table  in  my  former  paper. 

To  this  class  I  have  now  added  Mr.  Wood’s  experiments  on  the  boiler  of 
an  engine  detailed  in  the  third  edition  of  his  Work  on  Railways,  page  333. 

The  evaporative  qualities  of  the  Cornish  boiler  have  been  but  little  enquired 
into.  This  particular  form  of  boiler,  long  established  as  it  has  been  in  a  district 

*  The  term  experiment  is  used  throughout  this  paper  in  the  sense  of  an  observation  of  facts 
attending  the  common  every  day  working  of  the  boilers,  except  in  a  few  cases  which  are  spe¬ 
cially  mentioned. 
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of  England  to  which  high  pressure  steam  used  expansively  has  been  pretty 
much  confined,  and  which  has  there  supplanted  all  other  forms  as  the  best 
adapted  for  its  purpose,  is  the  more  interesting,  and  the  more  worthy  of  investi¬ 
gation,  from  its  forming  part  of  a  system  of  generating  and  employing  steam,  the 
economy  of  which  has  been  silently,  slowly,  but  surely  progressive.  A  fair  test 
of  its  effects  as  compared  with  other  boilers  will  be  found  supplied  in  Table  IV. 
of  my  former  paper,  and  having  since  obtained  the  measurement  of  the  boilers 
and  grates  appertaining  to  the  experiments  therein  recorded,  I  am  now  enabled 
to  furnish  and  to  analyse  all  the  principles  on  which  those  effects  depend. 

In  addition  to  these  I  have  tabulated  the  particulars  of  two  other  boilers 
whose  surfaces  and  consumption  of  fuel  are  stated  in  Mr.  Henwood’s  paper  of 
last  session,  as  they  serve,  even  without  a  knowledge  of  their  evaporation,  (which 
unfortunately  does  not  accompany  them,)  to  determine  the  proportions  of  boilers, 
and  other  useful  data  connected  with  the  practice  of  the  Cornish  engineers. 

The  marine  boiler  is  another  distinctive  class  as  regards  structure,  and  ar¬ 
rangement  of  parts.  These  it  has  gradually  assumed  by  the  apparently  common 
consent,  and  from  the  united  experience  of  marine  engine  makers ;  it  may 
therefore  be  supposed  to  combine  the  peculiar  characteristics  which  fit  it  in 
their  judgment  for  the  locality  and  circumstances  of  a  steam- vessel, — these  re¬ 
quire  that  the  boiler  should  possess,  in  a  preeminent  degree,  the  three  prime 
qualities  of  safety,  durability,  and  economy,  together  with  an  abundant  evapo¬ 
rative  power.  I  greatly  regret  that  I  have  no  data  by  which  to  compare  its 
properties  and  practical  results  in  the  generation  of  steam  with  other  boilers,  as 
I  cannot  meet  with  any  authenticated  experiments  on  its  evaporative  qualities 
in  actual  work  on  sea  or  rivers.  Such  experiments  would  be  invaluable  to  the 
marine  engineer,  as  demonstrative  of  the  economy  of  his  boiler  in  the  use  of 
fuel,  a  quality  of  first  rate  and  growing  consequence  to  steam  navigation,  and  I 
need  scarcely  repeat  that  an  acquaintance  with  the  evaporation  is  the  only  sure 
test  of  the  respective  value  of  different  kinds  of  fuel.  The  marine  boiler  is  also 
beginning  to  be  used  in  lieu  of  the  common  wagon  boiler,  and  as  there  seems  no 
reason  why  it  should  be  unsuitable  to  a  fixed  engine,  or  other  steam  work  em¬ 
ploying  steam  at  a  very  moderate  pressure,  provided  the  evaporative  economy 
and  durability  of  the  two  boilers  are  equal,  it  is  to  be  regretted  that  its  powers 
have  not  been  tested,  or  if  tested,  not  published  *. 

*  It  would  require  much  care  and  experimental  tact  tomake  sufficiently  exact  trials  of  the  evapora¬ 
tion  produced  from  marine  boilers  on  board  steam-vessels.  Evaporative  experiments  of  short  dura- 
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A  variety  of  this  class  was  brought  under  the  notice  of  the  Institution  last 
session  by  Mr.  Manby,  in  a  paper  on  Collier’s  Patent  Boiler.  There  is  also  re¬ 
corded  in  Mr.  Wood’s  Work  on  Railways,  first  edition,  an  experiment  on  a  ma¬ 
rine  boiler  with  captain  Ericson’s  fanning  apparatus.  It  forms,  however,  no 
part  of  my  plan  to  investigate  the  properties  of  these  inventions  ;  nor  is  it  my 
province  or  desire  to  pronounce  on  the  value  of  them,  nor  on  that  of  numerous 
other  ingenious  contrivances  for  economizing  fuel,  which  are  to  be  found  in  par¬ 
tial  use,  or  accounts  of  which  are  scattered  in  various  publications.  My  motives 
in  undertaking  the  present  task  have  been  to  collect  and  make  known  authentic 
facts  on  the  working  of  boilers  and  engines  of  established  credit  and  notoriety, 
and  so  to  exhibit  them  as  to  enable  the  employer  of  any  boiler  or  engine,  whether 
similar  or  dissimilar,  to  compare  his  practice  with  specimens  of  acknowledged 
and  well  attested  merit. 

The  following  Table  is  formed  from  the  data  referred  to  in  my  paper  of  last 
session  with  the  additions  above  mentioned.  By  elimination,  the  relation  or 
ratio  which  any  one  property  or  effect  of  the  boilers  bears  to  another  is  shewn ; 
and  the  arrangement  of  the  Table  is  such  that  each  succeeding  column  or  set 
of  columns  may  be  said  to  form  links  in  the  chain  of  evidence  which  terminate 
in  the  disclosure  of  the  objects  sought,  viz.  the  principal  conditions  upon  which 
evaporative  economy  is  dependent — Vide  Table  at  the  end  of  this  paper. 

Table  I.  From  this  Table,  which  presents  a  collective  and  digested  view 
of  all  the  experiments ;  of  the  relation  which  the  several  parts  of  the  boilers 
bear  to  one  another,  and  to  the  effects  produced  ;  of  the  amount  and  activity  of 
the  combustion,  which  may  be  termed  the  calorific  forces  to  which  boilers  are 
exposed ;  as  also  of  the  modifications  which  these  forces  undergo  through  the 
structure  and  disposition  of  the  several  parts, — I  shall  select  and  place  at  the 
head  of  my  observations  on  each  class  of  boiler,  those  quantities  and  qualities 
which  point  themselves  out  as  exerting  the  chief  influence  over  the  results. 
These  sums  are  exponential  of  the  practice,  and  of  its  effects,  and  they  truly  re¬ 
present  the  relative  calorific  forces  to  which  the  several  boilers  are  subject,  and 

tion  on  any  boilers  are  of  little  practical  value,  and  they  require  to  be  closely  superintended  by 
men  accustomed  to  accurate  observation.  The  necessity  of  frequently  blowing  out,  or  otherwise 
cleansing  marine  boilers,  whether  at  work  in  sea  or  in  rivers,  would  render  such  experiments  very 
inconclusive,  and  most  of  these  boilers  are  more  liable  to  the  disease  of  priming  than  any  other  class. 
Experiments,  however,  quite  free  from  error,  and  of  much  value  to  the  marine  engineer,  may  be 
conducted  on  such  boilers  when  supplying  a  fixed  engine. 
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upon  the  degree  of  whose  intensity  and  duration,  the  economy,  durability,  and 
safety  of  evaporative  vessels  must  mainly  depend. 

I  have  reserved  for  separate  examination,  at  the  end  of  this  paper,  the 
question  of  the  influence  of  time  in  producing  the  relative  degrees  of  economy, 
as  it  requires  special  and  careful  analysis  before  a  satisfactory  determination  of 
the  value  of  that  element  can  be  arrived  at.  By  time ,  I  mean  the  relative 
periods  of  the  duration  of  a  given  amount  of  heat  about  the  boilers,  and  about 
equal  areas  of  their  surface.  The  facts  arising  out  of  this  investigation  will  be 
found  classified  in  Tables  3  and  5,  whence  they  are  transferred  to  Table  1. 

Uniformity  in  the  gradation  of  results  from  any  one  cause  cannot  be 
expected  in  a  series  of  experiments  on  boilers  of  such  various  structure  and 
strength  of  materials,  but  it  will  be  apparent,  from  a  single  glance  over  the 
columns,  that  the  rate  of  combustion,  and  its  rate  on  each  square  foot  of  grate, 
very  sensibly  affect  them ;  and  one  conclusion  is  inevitable,  viz.,  that  the 
practice  of  slow  combustion  is  eminently  conducive  to  economy  in  the  treatment 
of  fuel ;  nor  can  there  be  a  doubt  that  the  metal  of  which  a  boiler  is  composed 
is  principally  affected,  both  in  its  strength  and  durability,  by  the  heat  applied 
to  it,  so  that  these  properties  seem  to  be  best  preserved  by,  and  to  be  the 
natural  consequences  of,  slow  combustion.  Thus  we  shall  find  that  the  boilers, 
tested  as  to  their  merit  by  their  respective  evaporative  economy,  arrange  them¬ 
selves  for  consideration  in  the  inverse  order  of  the  rate  of  combustion,  and  that 
the  Cornish  boiler,  in  this  respect,  obtains  the  highest  rank. 

A  second  though  somewhat  less  regular  coincidence  between  the  operating 
causes  and  economical  results,  is  indicated  by  the  extent  of  surface  exposed  to 
absorb  the  heat  supplied  to  the  boiler.  This  element  is  subject  to  more  or  less 
of  modification  from  a  variety  of  contending  circumstances,  which  will  severally 
be  noticed  and  considered  in  the  ensuing  observations  on  the  practice  of  each 
class  of  boiler  ;  but  the  table  shews  distinctly  that  economy  of  heat  is  promoted 
in  some  proportion  of  the  extent  of  the  absorbing  surface,  and  the  Cornish  boiler 
again  exhibits  its  superiority  over  all  the  others  by  the  degree  in  which  it 
possesses  this  element. 

Time — used  in  the  sense  before  explained,  and  which  expresses  the  rate  of 
combustion  involved  with  the  extent  of  the  absorbing  surface — is  also  greatly  in 
favour  of  the  Cornish  boiler. 

As  that  boiler  and  practice,  therefore,  afford  the  highest  evaporative  product, 
and  appear  to  combine  the  greatest  number  of  good  qualities,  and  as  it  is  re- 
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quisite  that  a  standard  should  be  adopted,  in  order  to  mark  the  scale  of  descent 
from  the  highest  point  of  excellence  yet  attained  in  evaporative  economy,  I  shall 
bring  the  other  boilers  to  the  test  of  the  Cornish,  with  reference  to  their  respec¬ 
tive  properties,  and  consider  the  Cornish  results  as  unity. 

CORNISH  BOILER. 

EXPONENTS  #. 

Column  of 
Table,  lbs. 

48.. ..  1  of  coal  burnt  under  one  boiler  in  44.08  seconds. 

20.. ..  3.46  of  coal  burnt  on  each  square  foot  of  grate  per  hour. 

41.. ..  1  of  water  evaporated  by  1  square  foot  of  heated  surface  per  hour  from  212°. 

3 7.. ..  11. 82  of  water  evaporated  by  1  lb.  of  coal  from  212°. 

The  form,  construction,  usual  dimensions,  and  mode  of  setting  this  boiler  are 
too  well  known  to  require  particular  mention.  It  appears  to  possess  all  the 
principles  necessary  to  resist  internal  and  external  pressure,  due  regard  being 
paid  to  sufficient  strength  of  materials.  The  fire  is  contained  in  an  internal 
cylindrical  tube,  the  pressure  upon  which  being  external,  the  greatest  strength 
of  resistance  is  obtained  where  it  is  most  needed ;  nor  can  there  be  so  great  a 
lodgment  of  deposit  upon  the  parts  subjected  to  the  most  direct  and  intense  heat 
as  in  the  wagon  boiler.  The  practice  as  regards  the  slow  rate  of  combustion  is 
eminently  judicious,  since  it  involves  the  necessity  of  employing  a  very  exten¬ 
sive  surface,  or  proportion  of  boiler  to  evaporation,  for  the  absorption  of  the  heat ; 
which  again,  together  with  the  requisite  strength,  occasions  the  use  of  several 
boilers  of  small  diameters,  rather  than  few  of  larger  dimensions.  By  these  means 
time  is  given  for  the  complete  combination  of  air  with  the  heated  fuel ;  time  is 
given  for  the  transmission  of  the  heat  through  the  metal ;  and  time  is  given  for 
the  escape  of  the  steam  through  the  water.  These  are  points  of  practice  of 
great  import  to  all  boilers  and  to  the  well  working  of  every  species  of  steam-en¬ 
gine  ;  but  they  are  of  still  greater  consequence  to  an  engine  using  steam  at  a 
very  elevated  pressure,  and  employing  that  steam  expansively.  The  durability 

*  The  quantities  brought  from  Table  I.  and  thus  placed  at  the  head  of  the  observations  on 
each  group  or  class  of  boilers,  are  those  which  form  the  principal  points  of  contrast  and  com¬ 
parison.  They  are  indicative  or  exponential  of  the  quality  of  the  boiler  and  of  the  effects  of  the 
practice  upon  it ;  I  have,  therefore,  termed  them  exponents. 

VOL.  III. — PART  I.  C 
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of  a  boiler  is  greatly  prolonged  by  using  heat  of  a  moderate  intensity.  Much 
thicker  plates  are  indispensable  in  proportion  as  the  pressures  become  elevated, 
and  in  proportion  also  to  thickness  of  material,  the  conduction  of  heat  is  slower ; 
hence  the  wisdom  of  reducing  the  combustion  of  the  fuel  to  the  slow est  possible 
rate  under  all,  but  more  particularly  under  high  pressure  boilers ;  and  hence  dura¬ 
bility  and  safety  are  promoted  in  proportion  to  the  diminution  of  calorific  intensity; 
yet  it  would  not  be  difficult  to  shew  that,  except  by  the  Cornish  engineers,  the 
practice  obtains  too  often  of  increasing  both  the  extent  and  intensity  of  the  fires 
almost  in  the  ratio  of  the  increased  pressure  of  steam,  from  which  practice  arises 
one  fertile  source  of  short-lived  boilers,  and  explosions. 

It  appears  from  the  Table,  column  45,  that  the  Cornish  engineers  allow  about 
7  times  as  much  surface  as  the  general  wagon  boiler  practice  for  the  vaporiza¬ 
tion  of  equal  weights  of  water  in  equal  times,  which  is  accompanied  by  a  gain 
of  between  30  and  40  per  cent,  on  the  mean  of  the  8  wagon  boiler  experiments, 
some  of  which,  however,  far  exceed  the  average  product  of  those  boilers  in  com¬ 
mon  practice. 

It  must  be  carefully  borne  in  mind  that  two  very  remarkable  differences 
exist  between  the  high  and  low  pressure  boilers  under  comparison ;  viz.  the 
thickness  of  plates,  and  the  temperature  of  water  and  steam  within  the  boilers. 
The  plates  of  a  Cornish  boiler  are  never  less  than  -J  an  inch  thick,  those  of  a 
low  pressure  boiler  usually  ^  to  re  of  an  inch.  A  much  larger  extent  of  surface 
is  consequently  necessary  in  order  to  transmit  a  given  quantity  of  heat,  in  a 
given  time,  through  the  thicker  than  the  thinner  material  without  injury  ;  more 
particularly  when  the  contained  water,  which  abstracts  the  heat,  is  at  a  tem¬ 
perature  of  not  less  than  300°  in  the  one,  and  not  more  than  220°  in  the  other. 
The  Cornish  practice  shews  an  intimate  perception  and  knowledge  of  the  ad¬ 
vantages  arising  from  this  extent  of  surface,  though  I  cannot  find  that  the  sub¬ 
ject  has  ever  been  treated  of  by  Cornish  authors,  which  is  the  more  to  be 
regretted  as  an  infinite  variety  of  experiments  have  been  made  in  Cornwall 
on  the  proportions  of  grates  to  the  combustion  ;  on  the  arrangement  and  pro¬ 
portions  of  the  internal  and  external  surfaces  exposed  to  heat ;  on  the  mode  of 
setting  the  boilers,  introducing  the  feed,  &c.  So  habituated  also  are  the  ope¬ 
rative  engineers  and  firemen  to  a  comparison  of  the  work  done  by  the  engine 
with  the  fuel  consumed,  that  they  are  thoroughly  versed  in  their  business  as  an 
art,  their  skill  being  subject  to  strict  and  constant  test  by  the  daily  registration 
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of  the  duty  of  the  engine,  the  amount  of  which  depends,  in  no  slight  degree,  on 
the  management  of  the  fires  and  boilers. 

The  Cornish  surface,  to  produce  equal  effects,  is  12  times  greater  than  the 
locomotive,  from  which  a  gain  of  64  per  cent,  arises  compared  with  coke,  and 
about  100  per  cent,  when  coal  is  used  by  the  latter. 

Combined  with  this  economy,  the  durability  of  the  Cornish  boiler  is  at  least 
equal  to  that  of  the  wagon,  or  other  low  pressure  ones ;  and  its  safety ,  though 
usually  subjected  to  15  times  the  pressure,  is  certainly  not  inferior,  explosions 
being  as  infrequent  in  Cornwall  as  elsewhere. 

As  regards  cumbrousness  the  Cornish  boiler  occupies  less  space  than  the 
wagon  form  for  equal  surfaces  exposed  to  heat,  somewhat  more  than  one  half 
of  the  entire  area  acted  upon  being  contained  within  the  exterior  shell.  From 
the  same  cause,  joined  with  the  mode  of  setting,  the  upper  surface  of  steam- 
chamber  and  flue  is  also  less  extensive,  and  consequently  the  loss  arising  from 
radiation  is  diminished  in  the  same  proportion.  This  loss  is  reduced  still  fur¬ 
ther  by  the  universal  practice  in  Cornwall  of  covering  the  boiler  with  a  thick 
stratum  of  slowly-conducting  matter. 


WAGON  BOILER. 

EXPONENTS. 

Warwick  Experiments. 

Column  of 
Table.  lbs. 

48.. ..  1  of  coal  burnt  under  one  boiler  in  38.31  seconds. 

20.. ..  4  of  coal  burnt  on  each  square  foot  of  grate  per  hour. 

41.. ..  6.39  of  water  evaporated  by  1  square  foot  of  heated  surface  per  hour  from  212°. 

37. . ..10.32. of  water  evaporated  by  1  lb.  of  coal  from  212°. 

Mean  of  the  eight  Experiments. 

48.. ..  1  of  coal  burnt  under  one  boiler  in  16.57  seconds. 

20.  ...10.75  of  coal  burnt  per  square  foot  of  grate  per  hour. 

41.. ..  7-jJq  of  water  evaporated  by  1  square  foot  of  heated  surface  per  hour  from  212°. 

37.. ..  8.86  of  water  evaporated  by  1  lb.  of  coal  from  212°. 

But  few  observations  are  necessary  on  this  well  known  vessel.  As  re¬ 
gards  structure  it  has  nothing  to  recommend  it,  being  inherently  weak,  and 
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requiring  stays  to  enable  it  to  resist  the  small  amount  of  internal  pressure  to 
which  it  is  usually  subjected.  It  is  very  susceptible  of  injury  from  collapse,  if 
abundant  provision  be  not  made  to  supply  it  with  air  in  the  event  of  a  vacuum. 
It  is  much  affected  by  incrustation  from  deposit  falling  on  the  parts  exposed  to 
the  greatest  heat,  causing  leakage  and  frequent  repairs,  which,  with  the  wear 
and  tear  of  brickwork,  occasion  this  kind  of  boiler  to  be  much  more  costly  in  its 
maintenance  than  the  Cornish. 

The  comparison  of  the  Warwick  with  the  Cornish  results  shews  that  in  the 
former. 

The  rate  of  combustion  is  yth  more  rapid  per  boiler,  and  per  square  foot  of 
grate  per  hour. 

The  rate  of  evaporation  is  6^  times  more  rapid  from  equal  surfaces. 

The  loss  of  heat  (the  Cornish  being  unity)  12f  per  cent. 

The  results  of  the  mean  of  the  eight  other  experiments  on  the  wagon 
boiler  compared  with  the  Cornish,  show  that  in  the  former. 

The  rate  of  combustion  is  2^  times  more  rapid  per  boiler,  and  3  times  more 
rapid  per  square  foot  of  grate  per  hour. 

The  rate  of  evaporation  is  7  times  more  rapid  from  equal  surfaces. 

The  loss  of  heat  (the  Cornish  being  unity)  24|  per  cent. 

In  contrasting  the  Warwick  with  the  Cornish  results,  there  are  two  cor¬ 
rections  to  be  made  before  the  experiments  can  be  put  on  equal  terms.  Firstly, 
in  the  Warwick  the  whole  of  the  smoke  was  inflamed,  the  practical  evaporative 
value  of  which,  from  the  experiments  related  in  my  former  paper,  appears  to  be 
about  1 2  per  cent.  In  the  Cornish  the  smoke  passed  off  unconsumed  ;  the  result  of 
the  Warwick  experiments  must  consequently  be  diminished  12  per  cent.,  or  the 
Cornish  raised  in  that  amount.  This  would  cause  the  real  difference  in  favour  of 
the  latter  to  be  about  25  per  cent.  But  there  is  a  second  correction  to  be  made. 

The  result  of  my  experiments  at  Warwick,  during  six  months’  conti¬ 
nuance,  is  18-|  cubic  feet  of  water  evaporated  by  112  lbs.  of  coal  from  212°, 
all  waste  and  loss  in  the  raking  and  banking  up  of  the  fires  at  night  included. 
The  Cornish,  especially  those  at  the  United  Mines,  are  also  experiments  of 
long  continuance,  waste  and  loss  included,  but  as  those  engines  work  night  and 
day,  there  is  no  loss  arising  from  banking  up  the  fires,  or  from  radiation  during 
the  night.  A  diminution  of  the  weight  of  coal  used  at  Warwick  is  therefore 
required,  equal  to  that  burnt  during  the  night  and  for  raising  the  steam  each 
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day.  This  amount,  from  the  system  of  management  I  pursued,  was  exceedingly 
small.  When  the  engine  stopped  at  night,  the  hot  coal  upon  the  grate  was 
pushed  back  upon  a  dead  hearth  formed  of  brickwork  at  the  end  of  the  grate, 
but  the  bars  were  not  left  uncovered,  nor  the  grates  scaled  or  cleaned ;  it  being 
found  that  the  scoriae  and  refuse  were  removed  with  much  less  labour  to  the 
fireman  in  the  morning  when  cool.  The  water  having  been  allowed  to  sink  as 
low  as  possible  in  the  boilers  before  the  stopping  time,  they  were  then  filled  from 
the  feed  reservoir  as  high  as  they  would  bear,  the  fires  damped  down  with  two 
or  three  shovels  full  of  well  wetted  sleek  mixed  with  finely  riddled  cinders,  and 
the  dampers  so  closely  shut  as  to  preserve  only  the  smallest  possible  amount  of 
draft.  By  these  precautions  no  steam  blew  away  during  the  night — fully  three 
hours’  supply  of  water  was  brought  to  the  boiling  point  during  the  night — and 
the  boilers  being  well  covered,  the  radiation  was  trifling,  and  the  fire  was  no 
sooner  spread  upon  the  grates  in  the  morning,  than  the  steam  was  up.  By 
these  simple  means  the  loss  by  stopping  1 1  hours  during  the  night  and  by  getting 
up  the  steam  again,  which  commonly  amounts  to  15  and  even  20  per  cent,  of 
the  entire  weight  of  coal  used  to  work  an  engine  during  the  day,  was  reduced 
to  3  per  cent. ;  by  this  amount  therefore  the  loss  in  economy  by  the  Warwick 
compared  with  the  Cornish  experiments  must  be  diminished.  Thus  the  real 
difference  in  favour  of  the  Cornish  is  22  per  cent. 

I  have  been  thus  particular  in  bringing  these  results  to  a  fair  comparison, 
as  there  is  an  almost  perfect  coincidence  between  the  two  experiments  in  the 
rates  of  combustion,  and  in  the  rates  of  evaporation  by  the  products  of  combus¬ 
tion  from  each  square  foot  of  grate  per  hour,  and  thus  the  difference  in  perform¬ 
ance  seems  to  be  referable  simply  to  the  superiority  of  one  quality  in  the  Cornish 
boilers,  viz.,  the  larger  comparative  area  for  the  absorption  of  the  heat  generated 
in  a  given  time,  which,  as  appears  by  column  43,  was  as  11.7  to  1.6  or  7iV 
to  1.  We  must  not  conclude  that  it  requires  7  times  as  great  a  surface  exposed  to 
heat  under  like  circumstances ,  to  realize  an  additional  product  of  only  22  per 
cent,  from  fuel.  I  must  again  advert  to  an  important  disagreement  between  the 
circumstances  of  the  two  experiments,  viz.,  the  thickness  of  material,  and  the 
temperature  of  the  water.  The  Cornish  boilers  were  double  the  strength  of  the 
Warwick,  and  the  water  in  the  former  was  nearly  100°  hotter  than  in  the  latter. 
Ignorant  as  we  are  of  the  rate  at  which  heat  is  transmissible  through  metal  of 
varying  thickness,  and  equally  so  as  to  the  rate  in  which  it  is  absorbable  by 
water  at  different  temperatures,  it  is  impossible  to  decide,  except  by  direct  ex¬ 
periment,  on  the  relative  areas  which  would  produce  equal  effects,  the  surfaces 
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being  composed  of  plates  of  ^  inch  and  ^  inch  thickness,  and  transmitting  heat 
respectively  to  water  at  300°  and  218°. 

Notwithstanding  also  the  near  identity  of  the  principal  forces  which  seem 
to  affect  the  evaporative  product,  there  are  differences  in  these  two  experiments 
among  the  minor  causes  in  operation,  which  may  have  had  an  influence  over 
the  results.  I  allude  to  the  proportions  of  the  surfaces  exposed  to  the  radiating 
action  of  the  fire  compared  with  the  weight  of  coal  burnt  in  a  given  time,  and 
with  the  surfaces  exposed  to  what  is  commonly  termed  communicative  heat. 
There  is  a  near  equality  between  the  coal  burnt  and  the  radiant  surface  in  the 
two  experiments,  but  the  difference  is  somewhat  greater  between  the  com¬ 
municative  areas,  than  between  the  total  amounts  of  heated  surface.  Definite 
experiments  are  again  wanting  to  determine  the  respective  value  of  these  portions 
of  a  boiler ;  but  it  will  appear  from  some  future  remarks  on  this  subject,  that 
their  indications  are  entitled  to  little  confidence  as  general  rules,  excepting  when 
the  practice  is  precisely  conformable  to  the  particular  experiment  *. 

By  comparison  with  the  Warwick,  the  result  of  the  mean  of  the  eight  other 
experiments  on  the  wagon  boiler  shews, — 

The  rate  of  combustion  per  boiler  to  be  2ro  times  more  rapid,  and  2  iV  times 
more  rapid  per  square  foot  of  grate  per  hour. 

The  rate  of  evaporation  from  equal  surfaces  -Jth  more  rapid. 

The  loss  of  heat  (the  Warwick  being  unity)  12^  per  cent. 

This  loss  would  amount  to  at  least  25  per  cent,  on  the  mean  if  the  Vllth,  IXth, 
Xth,  and  Xlllth  experiments  in  the  Table,  which  were  made  on  the  Warwick 
system,  and  fully  explained  in  my  former  paper,  were  excluded,  and  the 
comparison  strictly  made  with  those  boilers  only  whose  proportions  of  grates 
and  method  of  practice  were  different.  I  have  already  contrasted  the  rationale 
of  the  Warwick  and  Cornish,  as  the  former  occupied  an  intermediate  rank  be¬ 
tween  the  latter  and  the  mean  of  all  the  others ;  and  as  I  am  not  advocating 
my  own  or  any  other  particular  system,  but  endeavour  merely  to  ascertain,  by 
a  rigid  examination  of  the  conditions  of  a  series  of  experiments  entitled  to  entire 
confidence,  the  causes  which  have  produced  various  and  particular  effects,  (and  the 
experiments  would  be  nothing  worth  did  they  not  lead  to  some  such  useful  end,) 
I  have  thought  that  end  more  likely  to  be  attained  by  striking  a  mean  from  a 
large  number  of  experiments  on  the  same  class  of  boiler  treated  on  different  plans. 
But  no  one  can  cast  his  eye  over  the  Table  without  perceiving  very  marked  differ¬ 
ences  in  the  ratios  of  the  several  parts  of  the  wagon  boilers  under  review, 

*  See  pages  29  and  30. 
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as  also  in  their  evaporative  products,  which  vary  as  much  as  65  per  cent. 
Though,  therefore,  the  more  active  causes  which  influence  the  evaporative 
economy  of  steam  boilers  develop  themselves  prominently  and  decidedly  by 
comparing  three  distinct  and  widely  different  systems  of  generating  steam,  as 
indicated  by  the  Cornish,  wagon,  and  locomotive  practice,  much  instruction  is 
derivable  from  the  mutual  examination  of  boilers  of  the  same  class,  particularly 
when  a  change  in  the  effect  has  been  produced  by  some  single  change  in  the 
conditions  of  an  experiment  on  the  same  boiler. 

The  Table  presents  several  such  on  the  wagon  boilers.  The  Vlth  and  Vllth 
experiments  were  made  on  the  same  boiler  with  one  change ;  in  the  Vllth  the 
grate  was  enlarged  jth,  but  the  whole  capacity  of  the  furnace  about  -J,  fired  in 
each  case  in  the  same  manner,  and  doing  nearly  equal  work  in  the  same  time. 
The  result  was  an  economy  of  50  per  cent. 

The  effect  of  this  simple  alteration  is  clearly  traceable  through  all  the 
columns.  The  rate  of  combustion  per  square  foot  of  grate  fell  from  111  lbs. 
to  8  lbs.  per  hour,  and  the  proportion  of  surface  to  absorb  the  heat  was 
consequently  greater:  in  fact,  the  combustion  was  more  perfect,  and  more 
time  was  given  to  transmit  its  product.  The  evaporative  power  of  the  boiler 
was  also  increased  by  the  same  causes. 

Experiments  VIII.  and  IX.,  at  another  place,  with  a  boiler  of  very  dif¬ 
ferent  proportions,  furnish  instructive  facts.  N  o  alteration  was  made  in  the  grate 
of  this  boiler,  as  it  then  appeared  to  me  of  a  good  proportion,  though  I  should 
now  somewhat  enlarge  it.  The  difference  between  the  two  experiments  amount¬ 
ing  to  about  1 4  per  cent.,  was  simply  caused  by  the  more  perfect  combustion  of 
the  fuel  in  the  IXth  from  a  thickened  mass  of  fire  and  the  more  perfect  inflam¬ 
mation  of  its  gaseous  products,  accompanied  by  a  diminished  rate  of  combus¬ 
tion,  and  a  somewhat  increased  evaporative  power  as  well  as  economy. 

As  this  boiler  was  attached  to  a  chimney  of  remarkable  draft,  I  deter¬ 
mined  on  making  an  experiment  to  ascertain  the  utmost  amount  of  evaporation 
producible  from  the  boiler.  Every  thing  remaining  the  same,  Experiment  X. 
was  undertaken,  and  to  guard  against  any  loss  of  heat  by  opening  the  fire 
doors  during  the  process,  the  water  was  first  brought  up  to  the  boiling  point, 
the  few  hot  coals  on  the  grate  were  raked  into  a  small  heap  on  its  centre,  and 
the  raw  coal,  amounting  to  about  2400  lbs.,  was  then  shovelled  as  quickly 
as  possible  into  the  furnace,  until  it  was  crammed  quite  full ;  the  fire  doors 
were  then  hermetically  closed  by  filling  the  mouth-piece  with  well  wetted 
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sleek.  The  damper  for  the  first  hour  was  kept  almost  close  down,  and  when 
the  regular  rate  of  evaporation  exhibited  itself,  which  indicated — together  with 
the  vivid  and  uniform  reflexion  of  the  fire  in  the  ash-pit — that  the  bars  were 
well  covered  with  ignited  coal,  the  damper  was  very  gradually  raised,  till  the 
whole  force  of  the  draft  was  given  to  the  furnace.  The  evaporation  then  be¬ 
came  excessively  rapid,  and  at  the  end  of  the  fifth  hour  the  fire  was  examined, 
that  no  aperture  might  be  left  for  uncombined  air  to  pass  through  it.  The  re¬ 
mainder  of  the  coal  was  then  thrown  on,  amounting  to  about  238  lbs,,  and 
the  experiment  continued  till  the  whole  was  consumed,  the  damper  being  again 
gradually  lowered  as  the  thickness  of  fuel  diminished. 

One  result  rather  surprised  me,  which  was,  that  notwithstanding  the  ra¬ 
pidity  of  the  current,  and  the  certainty  that  the  heat  must  have  quitted  the 
boiler  in  much  greater  quantity,  and  at  a  much  higher  temperature  than  in 
the  IXth  experiment,  a  very  slight  difference  appeared  in  the  weight  of  water 
evaporated  by  each  pound  of  coal.  The  experimenters  judged  that  two-thirds 
of  the  coal  burnt  and  of  water  evaporated  was  accomplished  in  one  half  of  the 
whole  time,  or  in  four  hours  ;  which  would  be,  as  regards  combustion,  at  the 
rate  of  15  lbs.  per  square  foot  of  grate  per  hour.  The  ordinary  working 
rate  of  that  boiler  was  about  9  lbs.,  and  from  the  appearance  of  intenseness 
in  the  fire  and  other  indications,  it  was  clearly  perceptible  that  the  rate  of 
1 5  lbs.  per  hour  per  square  foot  of  grate  was  far  too  rapid  a  combustion  for 
any  boiler  to  sustain  long  without  injury,  particularly  if  supplied  with  water 
of  bad  quality.  A  practised  eye  is  not  a  bad  pyrometer,  and  without  the 
aid  of  the  latter  instrument  it  was  no  presumption  to  conclude  that  such  in¬ 
tensity  of  heat  must  speedily  affect  both  the  safety  and  durability  of  the 
vessel. 

The  almost  inappreciable  difference  in  the  economic  results  of  these  last  two 
experiments  might  seem  to  favour  the  opinion  that  very  rapid  combustion  is 
not  unfavourable  to  economy.  It  is,  however,  necessary  to  keep  in  mind  that 
the  experiment  was  conducted  with  precautions  which  cannot  be  carried  into 
practice.  An  experiment  of  short  duration  was  afterwards  tried  on  the  same 
boiler  by  attempting  to  burn  about  three  hundred  weight  of  coal  per  hour,  or 
the  same  rate  of  1 5  lbs.  per  square  foot  of  grate  per  hour,  with  an  even  and 
regular  fire  ;  but  it  was  accomplished  with  difficulty,  with  great  waste  from 
being  obliged  to  widen  the  air  spaces  between  the  bars,  and  with  great  loss 
in  evaporative  product. 


STEAM-BOILERS  AND  STEAM-ENGINES. 


17 


Another  practical  evil  must  ever  accompany  rapid  combustion.  The 
cleanest  and  dearest  coals  are  necessary,  or  increased  waste  arises  from  the 
necessity  of  frequent  poking  and  clearing  the  grate.  That  system  of  manage¬ 
ment  which  discards  altogether,  or  renders  the  use  of  the  poker  but  little  ne¬ 
cessary,  will  always  be  attended  with  the  most  productive  results*. 

The  Xlth  experiment  is  Watt’s,  at  the  Albion  Mills,  the  particulars  of 
which,  as  also  the  XIVth,  of  Smeaton’s,  will  be  found  recorded  with  useful  mi¬ 
nuteness  of  detail  in  Volume  I.  of  Mr.  Farey’s  work  on  the  Steam  Engine. 

The  boiler  fixed  by  Watt  at  that  engine  differs  from  his  later  practice  in 
proportion  of  parts,  though  there  is  a  near  parity  in  the  total  area  of  heated 
surface,  which  he  subsequently  adopted  for  the  vaporization  of  a  given  weight 
of  water  in  a  certain  time.  The  change  was  judicious,  as  it  will  be  seen  that 
the  combustion  was  effected  at  a  rate  nearly  of  16J  lbs.  of  coal  per  square 
foot  of  grate  per  hour  at  the  Albion  Mills ;  whilst  at  the  New  River  Water 
Works,  experiment  XIII.,  also  Watt’s  boilers,  the  combustion  took  place  at  12f 
lbs, ;  upon  which  latter  it  will  be  seen,  by  experiment  XIV.,  that  a  gain  of 
1 6 J  per  cent,  in  evaporative  economy  was  effected,  chiefly  by  an  enlargement 

*  After  many  trials  I  succeeded  for  a  week  in  working  my  own  boilers  with  fires  made  up 
on  the  previous  night,  so  that  no  fire  door  was  opened  during  the  day  till  late  in  the  afternoon, 
in  order  to  examine  and  level  the  unconsumed  fuel.  The  evaporation  told  the  advantage  of  this 
process  hy  rising  from  18j  to  19  cubic  feet  per  112  lbs.  of  coal.  It  required,  however, 
somewhat  more  dexterity  and  judgment  in  its  management  than  could  be  often  met  with  in  a 
fireman  in  order  to  carry  this  plan  into  regular  practice.  It  was  necessary  that  the  furnaces 
should  cool  down  below  the  temperature  at  which  the  coal  and  its  gases  would  ignite,  before 
the  operation  of  charging  could  be  safely  commenced;  and  it  required  much  judgment  in  de¬ 
termining  both  the  quantity  and  position  on  the  grate  of  the  hot  coal  which  was  to  remain 
during  the  night — with  as  little  activity  as  possible — in  the  midst  of  the  charge,  as  a  nucleus 
for  the  morning’s  fires. 

By  this  experiment,  however,  I  ascertained  that  which  I  desired  to  know,  viz.,  the  loss 
occasioned  by  the  opening  of  the  fire  doors  during  the  process  of  charging  on  my  regular 
system.  This  loss,  strictly  speaking,  should  not  be  spread  over  the  whole  day’s  work,  but  be 
reckoned  on  that  portion  of  it  only  which  was  performed  in  the  first  three  hours ;  nor  am  I 
disposed  to  assign  the  advantage,  which  would  thus  appear  considerable,  to  the  above  cause 
solely.  The  experiment  shewed  me  that  the  greater  part  of  the  scoriae  was  formed  during  the 
time  of  charging,  when  the  dampers  were  necessarily  wide  open  and  the  draft  rapid,  as  clinker 
vanished  altogether  during  these  experiments,  in  consequence  of  the  temperature  of  the  fires 
being,  from  the  beginning  to  the  end,  in  the  same  equable  state,  and  at  no  time  intense  enough 
to  fuse  the  impurities.  By  keeping  below  this  point  the  poker  was  needless,  and  every  atom 
of  coal  was  burnt  up  completely  and  usefully. 

VOL.  III. — PART  I. 
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of  the  grates,  which  reduced  the  rate  of  combustion  to  about  6^  lbs.  per 
square  foot  of  grate  per  hour.  The  Albion  Mills’  boiler,  notwithstanding  the 
swift  combustion  of  the  fuel,  evaporated  nearly  as  much  water  as  the  best  of 
the  other  wagon  boilers  in  the  Table,  the  Warwick  excepted.  I  consider  this 
isolated  exception  to  the  results  indicated  by  all  the  other  experiments  as  re¬ 
gards  the  effect  of  the  rate  of  combustion,  to  have  been  modified  by  the  pe¬ 
culiar  structure  of  the  boiler ;  viz.,  by  its  presenting,  as  shewn  in  column  11, 
a  much  larger  surface  of  internal  flue,  in  proportion  to  that  of  the  whole  boiler, 
which  compensated,  by  its  superior  efficiency  in  the  transmission  of  heat  to 
the  water  over  an  equal  area  of  side  flue,  for  the  loss  which  could  not  but 
have  resulted,  had  the  same  area  consisted  only  of  external  surface.  In  this 
respect  that  boiler  approximated  more  nearly  than  any  of  the  other  wagon 
boilers  to  one  of  the  best  properties  of  the  Cornish  construction,  more  than  the 
half  of  whose  heated  surface  is  entirely  surrounded  by  water ;  and  it  will  be 
seen  that  its  product  considerably  exceeded  that  of  the  London  boilers,  which 
had  no  internal  flue,  and  nearly  equalled  the  performance  of  the  Clithero  and 
Preston  boilers  which  had  internal  flues,  and  whose  rates  of  evaporation  from 
equal  areas  were  nearly  identical  with  that  at  the  Albion  Mills.  In  like 
manner,  the  absence  of  internal  flue  in  the  London  boilers  seems  to  account 
in  some  degree  for  their  inferior  performance  as  compared  with  the  Clithero  and 
Preston  experiments.  Though,  therefore,  in  assigning  to  boilers  a  certain 
power  of  generating  steam  from  some  certain  area  exposed  to  heat,  it  is  neces¬ 
sary  to  discriminate  between  the  vaporizing  value  of  the  arrangement  of  the 
surfaces ;  of  which  at  present  we  may  be  called  entirely  ignorant. 

The  absence  of  internal  flues  in  the  Warwick  boilers  was  compensated,  or 
much  modified,  by  the  peculiar  treatment  of  the  fuel,  and  the  diminished  rate 
of  combustion  previously  described ;  but  there  can  be  no  doubt,  by  the  com¬ 
parison  of  parts  and  results  with  the  Cornish,  that  the  evaporation  would  have 
been  effected  with  still  less  fuel  from  the  former,  had  those  boilers  been  sup¬ 
plied  with  internal  flues. 

These  indications  of  the  greater  efficiency  of  interior  over  exterior  surfaces, 
point  to  the  probability  that  equal  areas  of  the  marine  boiler  would  exceed,  in 
evaporative  value,  equal  areas  of  the  boilers  under  review,  provided  the  ele¬ 
ment  time ,  and  intensity  of  calorific  action ,  as  hereafter  to  be  explained,  be 
judiciously  incorporated  with  the  practice.  A  knowledge  of  the  evaporative 
economy  and  power  of  the  marine  boiler  would  greatly  tend  to  enlighten  us 
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on  the  respective  value  of  surfaces  exposed  to  heat  within  and  without  the 
water. 

All  the  foregoing  conclusions  are  liable  to  a  certain  amount  of  error  from 
the  want  of  identity  in  the  coals  employed  in  the  different  experiments,  not  as 
regards  the  chief  elements  affecting  evaporative  economy,  but  as  respects  the 
mutual  comparison  of  results  from  boilers  of  the  same  class.  There  is,  how¬ 
ever,  a  curious  fact  yet  to  be  pointed  out,  which  will  shew  these  observations 
and  deductions  to  be  free  from  any  gross  error  occasioned  by  the  use  of  a  va¬ 
riety  of  coals  in  the  different  experiments. 

By  comparing  experiments  VI.,  VIII.,  and  XII.,  which  were  conducted  ac¬ 
cording  to  the  usual  practice  at  the  three  establishments  with  all  possible  care  and 
skill  on  the  common  plan  of  firing,  and  with  three  varieties  of  coal,  it  appears 
that  there  was  a  difference  of  1 3  per  cent,  between  the  greatest  and  least  result, 
which  would  have  been  attributed  to  the  varying  strength  of  the  coals ;  but 
when  these  same  coals  were  treated  under  the  same  boilers,  as  in  experiments 
VII.,  IX.,  and  XIII.  by  a  different  manner,  viz.,  by  a  slower  rate  of  combus¬ 
tion,  &c.,  the  gross  difference  is  only  7  per  cent.,  and  the  product  between  two 
out  of  the  three  experiments  is  identical.  The  attentive  mind  will  also  see  good 
reason  to  conclude,  by  inspecting  the  peculiar  properties  of  the  boilers  experi¬ 
mented  upon,  that  even  this  slight  difference  of  7  per  cent,  is  attributable  to 
other  causes  rather  than  to  the  fuel*.  A  true  estimate  of  the  practical  value 
of  varieties  of  coal  can,  therefore,  only  be  formed  by  treating  them  in  such  a 
way  as  to  cause  the  development  of  their  full  force  ;  and  the  cheaper  coals — 
cheaper,  generally,  because  less  fitted  for  house  fires  and  delicate  purposes — 
do  often,  in  reality,  contain  the  greatest  strength  of  combustible  matter,  though 
mixed  with  impurities.  I  tried  at  Warwick  the  Newcastle,  (Wylam  Moor,) 
the  Wednesbury,  and  the  Netherton  coals,  which  gave  me,  within  a  fraction, 
the  same  result ;  though  Watt  and  other  experimenters  assign  very  varying 
strengths  to  them,  and  the  last  were  the  cheapest  in  price  by  one  half  over 
the  W ednesbury,  for  engine  purposes.  On  the  other  hand,  it  not  unfrequently 
happens  that  a  small  difference  in  price  is  more  than  compensated  by  an  in¬ 
creased  effect  from  dearer  coal.  Nor  will  the  same  system  of  treatment  in¬ 
variably  succeed.  I  have  been  occasionally  defeated  in  every  attempt  to  burn 
certain  sorts  of  coal  on  my  plan  of  thick  fires,  on  extensive  grates  with  slow 
combustion.  In  one  instance,  in  Lancashire,  the  coal  contained  so  much  tar 

*  The  difference  or  loss  of  7  per  cent,  is  found  in  that  boiler  which  had  no  internal  flue. 
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as  to  run  in  streams  through  the  bars,  and  catch  fire  in  the  ash-pit ;  and  in 
Glasgow  certain  coals  defied  the  system  altogether ;  these  were  rare  instances, 
but  ought  to  be  cited. 

If  the  statement  of  the  fuel  burnt  and  water  evaporated  by  Smeaton’s 
boilers,  Experiment  XIV.,  be  correctly  given  by  Mr.  Farey,  the  product  was 
not  only  very  good  for  the  period,  but  is  larger  than  is  usually  obtained  from 
an  equal  extent  of  surface  at  the  present  day.  The  combustion  was  very 
rapid,  its  rate  being  20^  lbs.  per  hour  per  square  foot  of  grate.  The  eva¬ 
poration  8.37  lbs.  from  212°  by  one  pound  of  coal.  The  dimension  of  sur¬ 
face  exposed  to  radiant  heat  not  being  given,  I  have  assigned  to  it  in  the  Table 
the  half  of  the  bottom  of  these  circular  or  haystack  boilers,  (as  they  are  com¬ 
monly  termed  in  Staffordshire,  where  they  are  still  much  used,)  having  found 
the  practice  to  be  such  generally,  the  bridge  wall  being  built  across  the  centre 
of  the  boiler,  sloped  down  to  the  grate  at  the  sides  and  ends  of  the  bars. 
The  circular  is  a  good  form  of  boiler  for  strength ;  equally  bad  with  the  wagon 
as  regards  incrustation ;  but  perhaps  better  adapted  for  outdoor  fixing,  as  it 
admits  of  being  more  advantageously  covered,  without  a  roof,  to  throw  off  the 
rain  from  the  top  and  walls ;  but  the  wagon  boiler  has  so  many  advan¬ 
tages  over  it  for  house  fixing,  besides  admitting  of  internal  flues,  and  other 
desiderata,  that  the  use  of  the  circular  has  long  since  yielded  to  the  wagon 
form  in  the  best  appointed  establishments. 

Thus  Smeaton’s  evaporative  practice  in  1772  appears,  from  the  account 
extracted  from  Mr.  Farey’s  work,  (which  I  cannot,  however,  find  in  the  fourth 
edition  of  Smeaton’s  Reports,  1812,  referred  to  by  the  latter,)  to  be,  as  respects 
the  Cornish  of  the  present  day,  as  8.37  to  11.82,  shewing  a  gain,  since  that 
period,  of  41  \  per  cent,  only;  an  important  economy  certainly,  but  miserably 
small  when  compared  with  the  strides  made  in  the  economy  of  steam. 

Are  we  then  to  conclude  that  our  methods  of  generating  heat  and  steam,  and 
of  constructing  evaporative  vessels,  have  attained  the  utmost  perfection  which  the 
strict  laws  of  nature,  and  the  limited  ingenuity  of  man,  forbid  us  from  passing  ? 
Or,  are  we  to  hope  that  our  knowledge  of  the  theory  of  combustion,  of  the  most 
profitable  modes  of  treating  combustible  bodies,  and  of  applying  the  heat  elicited 
from  them  to  the  vaporization  of  water,  are  alike  imperfect  and  alike  susceptible 
of  improvement  ?  My  own  opinion  inclines  to  the  more  cheering  view  of  the 
subject,  perceiving  as  I  do  many  sources  of  waste  which  may  be  turned  to 
profit,  and  believing  that  combustion,  as  a  science  and  practical  art,  has  not  yet 
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received  that  attention  which  it  merits,  and  whence  any  very  marked  augmenta¬ 
tion  of  calorific  economy  must  originate.  Numberless  as  have  been  the  variations 
in  the  structure  and  dimensions  of  steam-boilers,  it  appears  that  the  efforts  of 
improvers  have  been  confined  within  the  range  of  a  very  small  circle  ;  changes 
have  been  rung  on  the  same  or  similar  contrivances,  but  nothing  has  emerged 
which  at  present  authorizes  any  wide  departure  in  practice  from  long  established 
forms,  or  which  can  be  characterized  as  bearing  the  stamp  of  inventive  genius. 
Experience,  nevertheless,  informs  us  that  great  diversity  exists  in  the  economy 
of  our  present  practice ;  the  comparative  investigation  of  numerous  examples 
should,  therefore,  throw  a  strong  light  on  those  principles  which  are  most 
influential  over  the  results,  and  it  should  indicate,  with  a  near  approach  to 
certainty,  that  practice  which  is  most  likely  to  assimilate  the  product  from  one 
boiler  with  the  product  from  another. 

As  boilers  of  the  Cornish  and  wagon  forms  are  by  far  the  most  numerous  in  use, 
it  may  be  here  most  convenient,  and  before  entering  on  the  examination  of  the 
locomotive ,  to  allude  to  those  questions  which  the  intelligent  employer  of  a  boiler 
frequently  propounds,  and  desires  to  solve,  viz.  the  best  proportion  of  parts, 
and  the  best  practice.  These  problems  he  can  now  readily  solve  for  himself, 
by  an  attentive  study  of  the  facts  placed  before  him  in  the  Table. 

Does  he  wish  to  fix  a  new  boiler  ?  The  Cornish  points  itself  out  as  the  best 
known ;  and  having  decided  on  the  quantity  of  steam  he  requires  in  a  given 
time,  either  for  an  engine  or  other  purpose,  he  is  furnished  with  a  means  of 
determining  the  weight  of  fuel  which  will  generate  it,  by  rigidly  adopting  the 
measures  of  surface  and  proportions  of  parts  which  have  given  relative  effects. 

Does  he  desire  to  ascertain  if  his  present  practice  be  good  or  defective  ?  As 
regards  the  rate  of  combustion,  the  simple  determination  of  the  weight  of  coal  he 
is  consuming  per  hour,  divided  by  the  area  of  his  grate,  will  decide  that  question ; 
and  by  comparing  that  product  with  the  entire  surface  presented  to  absorb  it,  he 
will,  if  his  boiler  be  well  set,  arrive  at  an  approximation  to  the  amount  of 
water  evaporated  on  consulting  the  Table  ;  but  no  absolute  and  sufficient  know¬ 
ledge  of  the  economy  of  his  practice  is  attainable  without  ascertaining  the 
weight  of  water  vaporized.  No  one  can  tell  him  this  fact :  it  is  the  work 
which  his  boiler  is  doing,  and  it  can  only  be  determined  by  experiment. 

Does  he  find,  after  this  trial  of  the  evaporation,  that  an  equal  surface  has 
produced,  from  other  boilers  of  the  same  form,  a  greater  result?  He  must 
compare  the  area  of  his  grate,  and  the  rate  of  combustion  of  the  fuel  with  the 
best  parallel  examples  in  the  Table,  and  bring  his  practice  to  a  conformity  with 
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them  if  they  disagree  ;  this  will  inform  him  of  the  comparative  calorific  value  of 
the  fuel  he  is  using :  if  he  still  finds  that  he  is  deficient  in  boiler-power,  the  only 
cure  is  to  add  more.  If  circumstances  prevent  him  from  so  doing,  increase  of 
effect  and  of  economy  will  generally  follow  the  enlargement  of  a  grate  to  such 
dimensions  as  a  fireman  can  skilfully  command,  the  width  of  which  is  only 
limited  by  that  of  the  boiler,  and  the  length  not  much  exceeding  six  feet*.  There 
is  evidently  a  considerable  range  permissible  in  the  rate  of  combustion,  without 
much  loss  of  effect,  or  much  evil  arising  to  the  boiler  ;  but  it  is  also  evident  that 
the  slowest  rate  is  the  best  on  every  account,  and  that  is  the  point  to  be  aimed 
at  achieving.  The  combustion  should  not  exceed  7  lbs.  per  square  foot  of  grate 
per  hour  ;  but  it  will  be  the  true  interest  both  of  the  engineer  and  employer  so  to 
proportion  parts  and  practice  as  to  bring  the  rate  of  combustion  at  least  as  low 
as  4  lbs.  per  square  foot  of  grate  per  hour ;  and  the  Table  shows  that  the  greatest 
effect  was  produced  when  the  boilers  were  so  proportioned  as  to  bring  down  the 
combustion  to  less  than  3  lbs.  per  square  foot  of  grate  per  hour. 

With  respect  to  the  setting  of  a  boiler,  every  respectable  engine  maker  is 
acquainted  with  the  best  methods ;  and  from  such  persons,  or  from  good 
examples,  the  employer  of  a  boiler  should  take  his  plans,  and  not  permit  so 
important  an  element  in  the  final  economy  of  his  practice  to  be  left  to  the  dis¬ 
cretion  of  a  bricklayer,  as  is  too  frequently  the  case. 

But  little  information,  either  of  scientific  or  practical  value,  on  the  important 

*  To  determine  this  point  satisfactorily  to  myself,  I  used,  in  my  early  experiments,  a  moveable 
bridge ,  commencing  with  a  grate  10  feet  in  length.  The  evaporation  was  noted  each  day,  without 
which  I  considered  every  experiment  as  valueless.  This  bridge  was  traversed  a  foot  at  a  time 
nearer  to  the  fire  door.  The  best  effect  was  produced  with  bars  5  feet  6  inches  to  6  feet  long, 
under  the  Warwick  boilers,  as  per  Table  I.  I  found  thickness  of  fuel  far  more  economical  than 
an  excessive  extent  of  grate  surface.  No  fireman  can  spread  fuel  accurately  beyond  8  feet  from 
the  fire  door,  which  is  about  the  extreme  length  of  a  6  foot  grate,  including  the  dead-plate  of 
the  furnace  mouth.  I  also  found,  that  beyond  7  feet  of  bar  a  sufficient  supply  of  air  did  not 
reach  the  end  ;  that  the  fuel  burnt  dull  and  uselessly  ;  and  no  doubt  much  of  the  air  which  did 
enter,  passed  through  the  half  ignited  coals,  not  only  unproductively  as  an  element  of  com¬ 
bustion,  but  wastefully,  by  mixing  with  and  cooling  the  stream  of  heat. 

With  a  rate  of  combustion  as  slow  as  4  lbs.  per  square  foot  of  grate  per  hour,  a  grate  (were 
it  practicable)  should  resemble  a  fine  sieve.  My  bars,  for  this  rate  of  combustion,  were  fixed, 
after  numerous  trials,  at  1|  inch  broad  on  the  upper  face,  and  the  air  spaces  between  the 
bars  at  ^  of  an  inch  wide ;  consequently,  no  cinders  fell  through  into  the  ash-pit,  the  refuse 
being  ashes,  and  utterly  worthless.  My  fireman  usually  sat  in  the  ash-pit  to  take  his  meals,  and 
though  he  had  half  a  ton  of  coals  on  fire  above  his  head,  he  feared  no  fall  of  hot  coal,  as  the 
poker  was  never  used,  nor  was  the  fire  door  opened  but  once,  after  charging,  during  the  entire 
day. 
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subjects  of  steam-generators,  combustion,  and  evaporation,  is  to  be  obtained  from 
the  numerous  works  and  treatises  on  the  steam-engine.  Mr.  Farey’s  volume 
is  chiefly  a  history  of  the  early  inventions  and  practice  ;  it  contains  numerous 
and  minute  details,  and  is  useful  as  a  record  of  dimensions  and  strength  of  parts. 
It  is  to  be  regretted  that  the  writings  of  many  popular  authors  abound  too  much 
in  formulae  and  hypotheses,  too  little  in  facts  :  for,  unfortunately,  the  detection 
of  fallacies  in  particular  statements  tends  to  diminish  confidence  in  their  general 
accuracy.  It  is,  however,  necessary  for  the  sake  of  truth — -the  basis  of  science — 
that  errors  which  have  crept  into  works  of  the  highest  estimation  should  be 
pointed  out.  Of  these  several  are  to  be  found,  as  regards  the  subjects  under 
consideration,  in  the  splendid  edition  of  Tredgold,  by  Woolhouse,  which  may  be 
traced  (and  the  same  remarks  apply  with  equal  force  to  other  authors)  to  a 
limited  knowledge  of  ascertained  facts  on  the  large  scale  of  practice ;  to  an  undue 
reliance  on  experiments  conducted  in  the  laboratory,  or  of  short  duration ;  to 
conclusions  drawn  from  the  practice  of  some  one  engineer,  or  deduced  from 
the  results  of  some  particular  class  of  boiler. 

At  page  112,  a  Table  is  given  by  Tredgold  of  the  calorific  powers  of  a  great 
variety  of  combustible  substances  ;  and  we  are  told,  that  8.22  lbs.  of  “  caking  coal” 
and  9  lbs.  of  “  coke  prepared  in  close  vessels,”  are  requisite  to  convert  a  cubic  foot 
of  water  into  steam.  “  These  quantities,”  says  the  author,  (page  113,)  “  derived 
entirely  from  theoretical  considerations,  are  so  near  To  the  actual  effects  obtained 
in  practice,  that  they  shew  us  we  have  little  to  expect  in  the  form  of  improve¬ 
ment,”  &c. 

Fortunately,  the  Cornish  and  other  engineers,  being  more  habituated  to 
practical  than  to  “  theoretical  considerations ,”  have  thought  otherwise,  and  we 
happily  know  that  this  theoretical  barrier  has  been  passed  by  nearly  fifty  per 
cent. ;  and  there  is  abundant  reason  for  hope  that  no  barrier  exists  against 
obtaining  still  higher  results. 

Fie  again  tells  us,  page  1 1 6,  that  “  one  foot  area  of  grate,  for  each  horse  power, 
is  the  common  rule  of  practical  engineers.”  I  can  find  no  such  agreement  in  the 
practice  of  engine  makers,  which  is  as  various  as  their  number  is  large ;  the 
practicable  size  of  a  grate  depends  very  much  on  the  width  of  the  boiler,  and 
the  widths  of  boilers  on  the  fancy  of  their  makers. 

A  rule  is  also  given,  pages  115  and  116,  for  the  width  of  air  space  be¬ 
tween  the  grate  bars,  and  much  learning  is  exhibited  in  determining  the  coin¬ 
cidence  of  results,  as  flowing  from  hypothesis  and  formulae,  with  the  presumed 
practice.  We  are  informed,  that  one-third  the  width  of  the  fire-bar  is  a  good 
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rule  for  the  air  space,  without  any  reference  to  the  rate  of  combustion,  or  to  the 
peculiar  nature  of  the  fuel,  and  without  perceiving,  that  upon  the  width  of  the 
air  space  materially  depends  the  waste  in  the  ash-pit,  and  other  important  con¬ 
sequences  ;  and  the  rule  leads  to  this  absurdity,  that  a  fire-bar  three  inches 
broad  must  have  an  inch  air  space ;  and  one  of  an  inch  in  width,  an  air  space 
of  one-third  of  an  inch,  and  so  on. 

We  are  also  informed,  page  118,  that  for  low-pressure  boilers,  the  best  effect 
from  fuel  will  be  obtained  by  8.1  square  feet  to  vaporize  one  cubic  foot  of  water 
per  hour,  and  8.9  square  feet  for  high-pressure  boilers.  The  most  experienced 
engineers  in  Lancashire  (the  practice  of  which  county  I  quote,  as  I  am  better 
acquainted  with  it  than  that  of  any  other  part  of  England)  allow  at  least  from 
12  to  15  square  feet  for  low  pressure,  and  the  Cornish  engineers  from  60  to  70 
square  feet  for  high-pressure  purposes,  in  order  to  obtain  that  effect  as  shewn  in 
Table  I.,  columns  46  and  47. 

Smeaton’s  experiments  on  coal  of  several  varieties,  coke,  wood,  &c.,  are 
repeatedly  cited,  and  pass  from  treatise  to  treatise  as  decisive,  or  at  least  illus¬ 
trative  of  the  respective  calorific  value  of  these  combustibles.  Smeaton’s  expe¬ 
riments  were  made  on  a  boiler  only  2  J  feet  in  diameter,  and  it  requires  no 
reasoning  to  shew  that  the  grate  and  the  setting  which  would  suit  one  combus¬ 
tible,  would  be  utterly  unfitted  to  develope  the  powers  of  another ;  and  that 
experiments,  conducted  on  so  diminutive  a  boiler,  can  give  at  best  but  deceptive 
indications  of  the  effects  of  combustibles  on  the  large  scale  of  practice. 

The  name,  experiments,  and  practice  of  Watt  are  also  very  commonly  used 
by  writers  on  the  Steam  Engine  as  arguments  and  data  for  empirical  rules  which 
Watt  would  have  been  the  first  to  repudiate.  This  is  a  system  which  cannot 
be  too  strongly  reprobated ;  it  has  had  the  effect  of  restricting  rather  than  of 
extending  the  conquests  and  realm  of  science ;  and  much  injustice  has  been 
done  to  the  character  of  these  distinguished  men  by  the  excessive  zeal 
of  disciples.  Smeaton  and  Watt  were  not  merely  engineers  ;  they  were  great 
'practical  philosophers ;  their  career  was  marked  by  a  succession  of  bounds  over 
mechanical  obstacles ;  their  writings  exhibit  a  modesty  becoming  greatness ;  and 
in  giving  to  the  world  an  account  of  their  experiments  and  discoveries,  they 
never  dreamed  that  they  would  be  regarded  as  laws  to  control  future  ages,  or 
be  viewed  otherwise  than  as  progressive  steps  towards  the  attainment  of  a 
perfection  in  their  favourite  pursuits,  which  they  well  knew  neither  the  life  nor 
the  labours  of  any  single  man  (however  great  his  genius)  could  accomplish. 
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LOCOMOTIVE  BOILER. 

EXPONENTS. 

Column  of 
Table,  lbs. 

48.. ..  1  of  coke  burnt  under  one  boiler  in  6.45  seconds. 

20.  ...79.33  of  coke  burnt  on  each  square  foot  of  grate  per  hour. 

41.. ..  12  of  water  evaporated  by  one  square  foot  of  heated  surface  per  hour  from  212°. 

37.. ..  7.21  of  water  evaporated  by  1  lb.  of  coke,  from  212°. 

Calculated....  5.77  of  water  evaporated  by  1  lb.  of  coal  from  212°. 

Mr.  Wood....  5.17  of  water  evaporated  by  1  lb.  of  coal  from  212°. 

The  circumstances  under  which  locomotive  boilers  are  worked,— their  dimen¬ 
sions,  construction,  strength,  and  nature  of  materials,  are  so  widely  dissimilar  to 
every  other  species  of  evaporative  vessel,  that  it  would  be  vain  to  attempt  to 
draw  any  other  conclusion  as  to  their  merits  than  that  which  is  furnished  by 
their  practical  results.  Strict  analogy  between  them  and  others  ceases  with  the 
production  of  heat,  for  such  is  the  devouring  nature  of  the  locomotive  engine,  so 
short  the  time  allowed  for  the  heat  to  act  on  the  surface  of  boiler  exposed  to  it,  and 
so  limited  the  space  assigned  for  generating  steam,  that  the  processes  by  which 
economy  is  sought  at  fixed  engines  would  seem  to  be  thought  unattainable  in  the 
locomotive,  and  recourse  is  had  to  other  contrivances.  The  generation  of  heat  and 
steam  in  the  locomotive  is,  however,  governed  by  precisely  the  same  laws  as  in 
other  boilers,  and  the  economical  inferiority  of  that  boiler  must  be  owing  either 
to  the  absence  of  some  one  or  more  of  those  elements  which  comparison  shews 
chiefly  to  influence  their  economic  results  ;  or  to  the  presence  of  some  bad 
quality,  from  which  other  boilers  are  exempt.  The  decomposition  of  its  parts 
and  effects  exhibited  in  the  Table,  enables  us  to  ascertain  in  what  respects  the 
locomotive  boiler  and  practice  differ  from  that  of  the  Cornish  and  wagon  boilers, 
and  to  assign,  with  tolerable  certainty,  the  true  causes  for  their  widely  different 
evaporative  economy.  The  comparison  of  Experiment  XVI.,  (which  is  the  mean 
of  eleven  experiments  made  by  M.  de  Pambour  on  six  engines  on  the  Liverpool 
and  Manchester  Railway  in  1834,)  with  the  mean  of  the  Cornish  is,  that 

The  rate  of  combustion  per  boiler  is  6tV  times  more  rapid. 

The  rate  of  combustion  per  square  foot  of  grate  per  hour,  23  times  more  rapid. 

The  rate  of  evaporation  from  equal  surfaces,  12  times  more  rapid. 

The  loss  of  heat,  (the  Cornish  being  unity,)  51  per  cent. 

The  comparison  of  the  locomotive  with  the  mean  of  the  eight  experiments 
on  the  wagon  boilers,  shews,  that 
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The  rate  of  combustion  per  boiler  is  2-|  times  more  rapid. 

The  rate  of  combustion  per  square  foot  of  grate  per  hour,  is  7  times  as  rapid. 

The  rate  of  evaporation  from  equal  surfaces,  -J^ths  more  rapid. 

The  loss  of  heat,  (the  mean  wagon  being  unity,)  27  per  cent. 

It  would  be  mere  waste  of  words  to  institute  any  more  minute  comparison 
between  the  locomotive  and  the  Cornish  boilers,  than  is  given  above. 

It  may  not,  however,  be  uninteresting,  nor  altogether  useless,  to  shew 
how  entirely  the  relation  between  boilers  of  equal  surfaces  is  disturbed  by  a 
different  practice  as  regards  rapidity  of  combustion,  and  by  a  different  arrange¬ 
ment  and  strength  of  parts  and  metal.  The  comparison  between  the  locomotive 
and  the  mean  of  the  eight  wagon  boiler  experiments,  is,  for  this  purpose,  as 
perfect  as  if  a  single  boiler  of  each  class  had  been  constructed  with  the  express 
intention  of  submitting  the  two  vessels  to  the  most  rigid  tests.  By  referring 
to  the  Table,  it  will  be  seen,  that  there  is  an  almost  perfect  identity  in 
the  total,  in  the  radiant,  and  in  the  communicative  areas,  between  the  mean 
of  the  eight  experiments  on  the  wagon,  and  that  of  the  eleven  experiments  on 
the  locomotive  boiler.  So  perfect  an  analogy  between  the  boilers,  resulting 
too  from  such  numerous  experiments,  renders  the  accuracy  of  the  conclusions 
deducible  from  an  analysis  of  the  respective  practice,  unassailable  by  the  most 
fastidious  experimenter. 

We  observe,  then,  first,  that  a  near  equality  exists  in  the  entire  surfaces 
exposed  to  absorb  the  heat — also,  between  the  respective  areas  receiving  the 
radiant  and  communicative  caloric  but,  comparing  the  relation  between  the 
areas  of  the  grates,  that  of  the  wagon-boiler  exceeds  the  locomotive  in  the 
ratio  of  3ro  to  1 ;  the  same  difference,  therefore,  obtains  inversely  between  the 
ratios  of  the  areas  of  the  grates  to  the  total  surfaces.  The  locomotive  boiler 
would  thus  necessarily  have  the  advantage  of  presenting  between  three  and 
four  times  greater  surface  to  absorb  the  heat  generated  on  the  grate,  if  the  rate 
of  combustion,  or  the  weight  of  fuel  burnt  on  each  square  foot  of  grate  in 
equal  times,  w~ere  alike  in  the  two  experiments.  But  this  is  not  the  case  i 
double  the  weight  of  fuel  is  burnt  on  the  grate  of  the  locomotive,  in  the  same 
time,  as  on  that  of  the  wagon  boiler,  which  is  3TV  times  larger,  and  the 
consequence  is,  that  the  rate  of  combustion  in  the  locomotive  is  seven  times 
more  rapid,  and  that  it  offers  only  f  ths  the  surface  of  the  wagon  boiler  for  the 
absorption  of  equal  quantities  of  heat  in  equal  times — or,  in  more  accurate 
language,  for  the  absorption  of  the  heat  produced  from  equal  weights  of  fuel  in 
the  same  time. 
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The  equality,  therefore,  which  seemingly  exists  between  the  two  boilers  is 
merely  an  equality  of  figures. 

The  result  of  this  discordant  practice  on  the  two  boilers  is,  as  before  shewn, 
a  loss  by  the  locomotive  of  |rd  the  value  of  that  proportion  of  the  entire  heat 
of  the  fuel  which  has  been  realized  by  the  wagon  boiler.  The  rate  of  evapo¬ 
ration  from  equal  surfaces  is  augmented  in  the  locomotive  by  65  per  cent. ;  so 
that  the  attempt  to  increase  what  is  termed  evaporative  power ,  by  that  amount, 
has  been  attended  by  a  sacrifice  of  33  per  cent,  of  fuel.  As  regards  the 
Cornish,  we  have  also  seen,  that  the  attempt  to  increase  the  rate  of  evapora¬ 
tion  12  times,  is  accompanied  by  a  loss  in  evaporative  economy  of  51  per 
cent. 

The  nature  and  strength  of  the  locomotive  surfaces  form  a  striking 
contrast  with  the  corresponding  parts  of  the  wagon  boiler,  and  had  not  some 
antagonist  quality  of  an  overwhelming  character  influenced  the  result,  the 
locomotive  ought  to  have  exhibited  a  performance  greatly  superior  to  that 
of  the  wagon  boiler. 

The  radiant  is  to  the  communicative  area  of  the  locomotive  as  1  to  7 ;  in 
other  words,  the  surface  exposed  to  the  direct  action  of  the  fire  is  -|th,  and  that 
of  the  remainder  fths  of  the  whole  boiler,  in  which  there  is  a  near  correspond¬ 
ence  between  it  and  the  wagon  boiler.  The  metal  of  the  locomotive  radiant 
surface  may  be  called  nearly  twice  as  thick  as  that  of  the  wagon  boiler, 
which  is  unfavourable — but  the  communicative  area  being  composed  of  tubes 
not  exceeding  one  quarter  or  one  third  the  thickness  of  the  wagon  boiler,  in¬ 
finitely  more  than  restores  the  balance  in  favour  of  the  locomotive  ;  and  though, 
as  before  observed,  we  have  no  definite  knowledge  of  the  heat-transmitting 
powers  of  metal  of  varying  thicknesses,  we  do  know  that  the  times  of  transmis¬ 
sion  are  greatly  accelerated  by  employing  thin  substances,  and  the  conclusion 
will  not  be  disputed  that  if  fths  of  the  surface  of  the  wagon  boiler  were  put 
upon  equal  terms  with  the  locomotive  by  diminishing  its  thickness  fds  or  fths, 
a.  very  much  larger  portion  of  the  entire  heat  would  have  been  absorbed,  and 
the  economical  result  have  been  considerably  augmented  in  the  wagon  boiler : 
and,  conversely,  we  know  that  if  the  tubes  of  the  locomotive  consisted  of  metal 
three  or  four  times  as  thick,  the  product  in  steam  from  equal  amounts  of  heat, 
would  have  been  very  considerably  diminished. 

Another  marked  advantage  in  favour  of  the  locomotive,  arises  from  the  dis¬ 
tribution  of  the  heat,  through  the  subdivision  of  its  volume  among  such  numer- 
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ous  thin  tubes.  This  principle  of  breaking  up  the  heat  into  fragments  is  evidently 
one  of  exceeding  great  consequence  in  the  construction  of  boilers  whose  purpose 
requires  that  their  dimensions  and  weight  should  be  compressed  into  the  smallest 
possible  bulk. 

The  antagonist  quality,  which  has  exerted  an  influence  over  the  result  so 
powerful  as  not  only  to  neutralize  these  superior  properties  of  the  locomotive, 
but  to  reduce  their  effect  so  far  below  that  of  the  boiler  compared  with  it,  seems 
to  be  solely  referable  to  the  operation  of  the  element  time.  The  mean  length 
traversed  by  the  heat  in  the  locomotives  under  review,  was  7  feet,  whilst  that  of 
the  mean  of  the  wagon  boilers  was  72j  feet,  or  a  difference  nearly  of  10  to  1. 
The  combustion  of  the  first  was  at  the  rate  of  9.3  lbs.  of  coke,  and  of  the  second 
at  the  rate  of  3.6  lbs.  of  coal  per  minute.  In  a  minute  of  time,  therefore,  the 
whole  volume  of  the  heat  generated  from  9.3  lbs.  of  coke,  quitted  the  boiler  after 
travelling  only  7  feet,  whilst  the  heat  of  3.6  lbs.  of  coal  did  not  escape  till  it  had 
travelled  72-J  feet ;  in  other  words,  every  particle  or  atom  of  heat  remained  26 1 
times  longer  in  operation  on  the  surface  of  the  wagon,  than  on  that  of  the  loco¬ 
motive  boiler. 

Thus,  on  the  score  of  economy  of  heat,  the  present  disposition  of  the  parts 
of  a  locomotive  boiler  is  evidently  unequal  to  contend  with  this  powerful  ad¬ 
versary  ;  and  certain  it  is  that  neither  the  quality,  economy,  nor  durability  can 
ever  be  engrafted  on  boilers  of  the  present  construction  and  proportion  of  parts, 
with  the  existing  practice ;  and  it  is  equally  certain  that  no  mere  change  of 
form  or  proportion  of  parts  would  effect  an  improvement  of  much  consequence 
until  the  element  time  be  permitted,  in  some  shape  or  other,  to  enter  into  loco¬ 
motive  practice  as  a  reasonable  ingredient  in  the  generation  of  heat  and  steam. 
The  locomotive  boiler  is  a  striking  instance  of  what  consummate  constructive 
skill  can  effect  in  endeavouring  to  pass  a  boundary  opposed  alike  by  the  con¬ 
stitution  of  metals,  and  by  the  warning  results  of  all  previous  experience.  Every 
sound  principle  is  sacrificed  to  the  rapid  production  of  steam  ;  steam  is  bought 
at  the  price  of  gold ;  and  the  absence  of  the  quality  durability,  involves  expenses 
unknown  in  other  engines,  from  the  practice  of  connecting  almost  every  part 
of  the  engine  with  the  boiler.  If  this  intimate  union  of  the  boiler  with  the  en¬ 
gine  be  unavoidable,  or  indispensable,  the  durability  of  the  former  ought  to  be 
a  quality  especially  sought  after.  Economy  in  the  production  of  steam,  and 
durability  of  the  vessel,  are  nearly  synonymous  terms  ;  both  qualities  being  ob¬ 
tained  by  a  judicious  disposition  of  parts,  and  by  a  judicious  practice  and  manage- 


STEAM-BOILERS  AND  STEAM-ENGINES. 


29 


ment.  The  safety  of  the  vessel  as  regards  explosions  is  also  a  property  nearly 
allied  to  the  two  others,  so  far  as  the  metal  is  affected  by  the  heat.  The  loco¬ 
motive  is  free  from  one  bad  quality,  possessed  in  excess  by  wagon  boilers, 
the  precipitates  from  the  water  do  not  fall  upon  the  parts  exposed  to  the  great¬ 
est  heat.  The  tubes  also  seem  to  be  weaker  than  the  external  cylinder  which 
contains  them,  and  generally  also  than  the  fire  box,  so  that  though  these  are 
continually  bursting,  no  great  harm  ensues  ;  nevertheless,  the  absence  of  many 
very  violent  explosions  seems  to  be  fairly  attributable  rather  to  the  constant 
presence  of  the  engine-man,  and  to  the  inadequacy  of  the  boiler  to  its  work  when 
leakages  denote  weakness  and  the  necessity  of  repair,  than  to  any  inherent 
principles  of  safety  in  the  vessel  itself.  The  rapid  decay  of  the  fire  box  and 
tubes  of  the  locomotive  boiler — uninfluenced  as  that  decay  is  by  the  incrustation 
of  deposit — affords  us  a  definite  and  valuable  fact,  free  from  any  disturbing  con¬ 
siderations,  which  incontestably  proves  that  heat  may  be  supplied  to  a  vessel 
containing  water  at  such  an  intensity  and  in  such  quantity  that  its  transmission 
cannot  be  effected,  without  speedily  destroying  the  virtue  of  the  metal ;  and 
the  short-lived  existence  of  these  boilers  in  a  sound  and  healthy  condition  proves 
that  the  temperature  of  the  fire  far  exceeds  the  limit  at  which  it  can  be  applied 
with  impunity.  The  metal  of  a  condemned  fire  box  frequently  appears  on  ex¬ 
amination  to  have  lost  all  its  original  characteristics ;  there  are  no  remains  of 
fibrous  or  crystalline  appearance ;  both  copper  and  iron  seem  to  be  trans¬ 
muted  into  a  species  of  metallic  cake,  brittle,  of  no  lustre,  and  yielding  to  the 
slightest  blow. 

For  the  sake  of  simplifying  the  Table,  I  have  given  only  the  mean  of  M.  de 
Pambour’s  eleven  experiments,  but  persons  interested  in  locomotive  boilers  will 
not  find  their  labour  lost  by  reducing  each  experiment  to  the  terms  of  the  Table 
and  submitting  them  to  mutual  examination.  This  will  be  rendered  more  ap¬ 
parent  from  the  following  notice  of  a  very  useful  experiment  by  Mr.  Robert 
Stephenson,  which  I  feel  impelled  to  make,  as  that  experiment  appears  to  me  to 
have  been  greatly  strained  in  its  application  by  writers  on  railways. 

With  the  view  of  obtaining  a  theoretic  expression  for  the  unit  of  heating 
surface,  necessary  to  effect  the  requisite  evaporation  for  the  supply  of  a  loco¬ 
motive  engine,  M.  de  Pambour  has  used  the  experiment  referred  to,  as  detailed 
by  Mr.  Wood  in  his  Treatise  on  Railways*,  from  which  it  would  appear  that 


*  Wood  on  Railways,  1st  ed.  page  403,  and  3d  ed.  page  528. 
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the  effects  of  the  surfaces  exposed  to  the  radiant  and  communicative  heat,  stand 
to  each  other  in  the  ratio  of  three  to  one.  “  If  we  admit  (says  M.  de  Pambour, 
page  179,)  in  consequence  of  the  experiment  related  in  our  first  chapter,  that 
each  unit  of  surface  exposed  to  the  communicative  heat,  produces  a  third  part 
of  the  effect  that  same  surface  would  produce  if  exposed  to  the  radiating  caloric, 
the  heating  surface  above  (viz.,  41.47  square  feet  fire  box,  and  293.11  square 
feet  tubes)  may  be  represented  by  139-24  square  feet  exposed  to  the  immediate 
or  radiating  action  of  the  fire  ;  and  as  those  139.24  square  feet  have  produced 
in  an  hour  the  evaporation  of  55.32  cubic  feet,  we  see  that  each  square  foot  has 
evaporated  a  volume  of  water  expressed  by  0.401  cubic  feet.” 

The  conclusion  here  drawn  is,  however,  inadmissible,  and  inconsistent  with 
the  facts  clearly  shewn  by  the  mutual  comparison  of  the  surfaces  of  fire  boxes 
and  tubes  with  the  evaporation,  in  five  out  of  the  six  engines  which  formed  the 
subjects  of  M.  de  Pambour’s  own  experiments.  1st.  The  Atlas’s  boiler  has  a  fire 
box  of  57,  and  the  Vesta’s  one  of  46  square  feet,  difference  11  square  feet,  which 
multiplied  by  3  gives  33  square  feet  assumed  to  be  its  equivalent  in  tubes. 
This  sum  added  to  218,  the  area  of  the  Atlas’s  tubes,  makes  251  square  feet, 
which  is  the  area  of  the  Vesta’s  tubes  within  five  feet ;  yet  the  Vesta  with  the 
smaller  fire  box  exceeded  the  Atlas  in  evaporative  economy  by  1 1  per  cent. ! 
2dly.  The  Vesta’s  fire  box  exceeds  the  Vulcan’s  by  11^  square  feet,  which  x  3, 
and  added  to  the  tubes,  makes  a  total  of  290  square  feet,  and  brings  the  two 
boilers  on  the  presumed  equality  as  to  surfaces  within  10  feet;  yet  the  Vulcan 
with  a  fire  box  less  than  the  Vesta’s  by  25  per  cent.,  exceeded  the  Vesta  in 
evaporative  economy,  by  24  per  cent. !  3dly.  In  like  manner,  the  Vulcan, 
whose  fire  box  was  less  than  that  of  the  Atlas  by  39  per  cent.,  exceeded  the 
latter  in  economy  by  46  per  cent. !  4thly.  The  Leeds,  of  precisely  the  same 
proportions  as  the  Vulcan,  gave  similar  results  !  And  5thly.  The  Fury,  whose 
fire  box  was  somewhat  less  than  that  of  the  Leeds  and  Vulcan,  having  tubes 
coinciding  in  surface  with  them,  also  greatly  exceeds  both  the  Atlas  and  Vesta, 
though  it  is  a  little,  and  but  little,  inferior  to  the  Vulcan  !  The  Firefly  I  exclude 
from  comparison,  (though  it  proves  the  same  fact,)  as  that  engine  and  boiler  were 
not  thought  to  be  in  very  perfect  order. 

Were  the  deduction  as  to  the  relative  evaporative  value  of  the  two  surfaces 
correct,  the  present  complex  boiler  may  be  discarded,  and  a  simple  fire  box 
having  a  superficies  of  1 40  square  feet  might  be  substituted  with  the  certainty 
of  producing  equal  effects.  It  does  not,  however,  I  think,  require  the  spirit  of 
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prophecy  to  say  that  such  an  arrangement  of  parts  would  altogether  fail  in  va¬ 
porizing  the  required  weight  of  water.  To  effect  it  from  the  reduced  surface 
the  grate  would  require  to  be  doubled  or  trebled  in  size  ;  and  from  what  has 
been  noticed  of  the  loss  traceable  to  the  short  distance  travelled  by  the  heat, 
and  its  short  duration  about  the  boiler,  it  must  be  quite  evident  that  an  arrange¬ 
ment  of  parts  founded  on  the  conclusion  drawn  by  these  writers  from  Mr.  Ste¬ 
phenson’s  experiment,  would  end  in  the  defeat  of  their  expectations  and  be 
accompanied  by  an  enormous  waste  of  fuel.  Mr.  Stephenson,  in  stating  his  ex¬ 
periment  originally,  seems  to  have  been  perfectly  aware  of  its  limited  nature,  and 
to  have  cautiously  refrained  from  theorising  beyond  the  facts  disclosed  by  it. — 
That  experiment  is  instructive  so  far  as  it  goes,  and  like  effects  would  have  re¬ 
sulted  from  like  surfaces,  under  similar  conditions  ;  but  the  conditions  of  the 
boiler  under  examination,  compared  with  that  operated  upon  by  Mr.  Stephenson, 
are  very  dissimilar,  and  have  undergone  several  changes,  any  one  of  which 
would  have  destroyed  identity  between  the  boilers,  had  such  identity  even 
originally  existed.  The  relative  areas  of  the  fire  boxes  and  tubes  were  very 
different,  the  ratio  between  those  parts  being  as  4  to  1  in  Mr.  Stephenson’s,  and 
7  to  1  in  M.  de  Pambour’s  boilers.  Neither  was  the  experiment  made  with  a 
blast  into  the  chimney,  and  there  is  every  reason  to  conclude  that  with  a  greatly 
increased  rate  of  combustion,  which  the  blast  would  occasion,  a  very  different 
proportionate  vaporization  would  have  taken  place  in  the  fire  box  and  tube 
compartment  of  the  experimental  boiler ;  and  a  still  greater  difference  in  the 
respective  products  of  the  two  compartments  would  arise  from  a  variation  in  the 
area  of  grate  as  compared  with  the  two  surfaces.  The  theoretic  expression  for 
unit  of  surface  would  have  been  perfectly  exact  and  equally  sufficient  for  M.  de 
Pambour’s  purpose,  by  stating  that  a  volume  of  water  expressed  by  0.165  cubic 
feet  was  evaporated  per  hour  by  1  square  foot  of  surface,  which  surface  consisted 
of  -|th  exposed  to  radiating  and  -f-ths  to  communicative  heat. 

We  thus  see  how  hazardous  it  is  to  quit  a  fact,  for  the  sake  of  a  neat 
expression. 

The  results  which  I  have  just  stated,  as  flowing  from  a  strict  comparison 
of  the  respective  surfaces,  with  the  respective  evaporative  economy,  of  5  out 
of  the  6  engines  operated  upon  by  M.  de  Pambour,  were  to  be  expected, 
and  might  have  been  foretold ;  as  a  larger  proportionate  area  to  absorb 
the  heat  generated  in  and  escaping  from  the  fire-boxes,  allots  to  each  particle 
of  heated  matter  an  increased  time  to  dispose  of  its  caloric  ;  and  this  conformity 
with  a  law  which  would  seem  self-evident,  and  which  is  seen  to  pervade 
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all  the  other  experiments,  is  satisfactory  as  tending  to  confirm  our  reliance  on 
the  care  and  accuracy  bestowed  by  M.  de  Pambour  on  the  conduct  of  his 
highly  valuable  experiments ;  nor  would  this  able  experimenter  and  analyst 
have  fallen  into  an  error  of  reasoning  confuted  by  his  own  results,  had  his  atten¬ 
tion  been  equally  given  to  the  phenomena  of  heat,  instead  of  being  confined 
to  facts  which  regarded  the  engine  alone. 

Dependent  on  the  proportions  of  fire  box  to  tubes  in  the  locomotive  boiler, 
other  important  consequences  require  notice.  The  intensity  of  the  heat  will 
be  greater  in  those  boilers  which  present  the  smallest  area  to  receive  the 
radiating  caloric  from  each  pound  of  coal  in  an  unit  of  time,  than  in  those 
exposing  a  larger  area ;  thus,  it  seems  difficult  to  combine  in  the  locomotive  the 
greatest  sum  of  economy,  with  the  greatest  sum  of  durability — the  dimensions 
of  the  boiler  being  a  limited,  and  the  required  product  of  steam  a  fixed 
quantity. 

In  locomotive  boilers  of  equal  lengths,  and  having  an  equal  number  of 
tubes,  a  larger  fire  box  and  grate  are  necessarily  accompanied  by  a  diminished 
length  of  tubes;  from  which  change  of  dimensions  four  results  flow:  1st,  a 
larger  area  of  grate  in  proportion  to  the  whole  amount  of  fuel  burnt  upon  it ; 
Sndly,  a  larger  area  of  radiant  surface  to  absorb  the  heat  of  each  pound  of  fuel ; 
3rdly,  a  smaller  proportionate  area  to  absorb  the  communicative  heat  from 
equal  weights  of  fuel  burnt ;  4thly,  a  shorter  distance  travelled  by  the  heat, 
and  a  shorter  duration  of  it  in  the  tube  compartment. — It  has  been  shewn  that, 
in  economy  of  fuel,  the  five  engines  ranked  as  follows :  Leeds,  Vulcan,  Fury, 
Vesta,  Atlas;  being  in  the  inverse  order  of  the  areas  of  their  fire  boxes;  the 
fuel  consumed  per  square  foot  of  fire  box  'per  hour ,  being  in  the  same  order,  (with 
one  exception,)  viz.  16.03  lbs.,  17.11  lbs.,  15.31  lbs.,  13.55  lbs.,  10.58  lbs.,  a 
result  greatly  favouring  the  durability  of  the  larger  fire  boxes,  whilst  the  loss 
in  evaporative  economy  is  as  clearly  traceable  to  an  increased  deficiency  in  the 
element  time  for  the  absorption  of  the  caloric  in  the  tube  compartment. 

These  conclusions  might  seem  to  militate  against  the  results  and  previous 
reasonings  derived  from  enlarged  grates  and  extended  surfaces,  exposed  to  the 
radiating  caloric  in  other  boilers.  A  little  examination  and  reflection  will, 
however,  dissipate  the  apparent  contradiction. 

I  stated,  at  the  commencement  of  this  investigation  of  the  properties  of  the 
locomotive  boiler,  that  strict  analogy  between  it  and  others  ceases  with  the 
production  of  heat.  In  all  boilers  supplying  steam  to  fixed  engines,  the  steam 
consumed  by  the  engine — which  is  a  determinate  quantity — governs  the  rate 
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of  its  generation  in  the  boiler,  and  space  permits  the  adoption  and  use  of 
boilers  of  such  dimensions  as  to  endow  them  with  a  'power  of  generating  both 
heat  and  steam  greatly  in  excess  over  the  demands  of  the  engine.  This  surplus 
power  of  boiler  permits  the  employment  of  the  controlling  agency  of  the 
damper,  which  not  only  regulates  the  generation  of  the  heat,  but  also  detains 
that  heat  about  the  boiler,  and  times  its  departure  from  it. 

The  object  of  the  locomotive  engine  is  speed.  Its  tractive  power  has  two 
limits ;  the  force  of  adhesion  to  the  rails,  and  the  supply  of  steam.  Its 
maximum  load  being  determined  by  the  amount  of  adhesive  force,  the 
mechanical  power  of  the  engine  depends  on  the  pressure  of  the  steam  ;  and  the 
velocity  of  the  engine  depends  on  the  quantity  of  steam,  at  that  pressure, 
which  the  boiler  can  furnish  in  a  given  time.  Hence  it  is  that  the  power  of  a 
locomotive  engine  has  been  said  by  writers  on  the  subject  to  reside  in  the  boiler ; 
and  so  long  as  the  boiler  is  inadequate  to  supply  any  more  steam  than  is  barely 
sufficient  to  overcome  the  load  determined  by  the  adhesive  force,  or  smaller 
loads  at  higher  velocities,  the  expression  is  true  in  fact,  though  it  appears 
to  me  to  be  neither  a  logical  nor  a  philosophical  expression,  as  it  is  only  true  so 
long  as  the  evaporative  power  of  the  boiler  is  insufficient  for,  or  merely 
balances  the  demands  of  the  engine.  Supposing  the  boiler  to  possess  a  power 
of  furnishing  steam  to  the  engine  in  excess  over  its  demands,  the  expression  ceases 
to  apply ;  and  until  the  boilers  of  locomotive  and  of  all  other  engines  do  possess  this 
power  in  excess ,  they  must  inevitably  continue  to  be  prodigal  of  heat ;  for  it  is 
only  through  an  excess  in  the  power  of  generating  heat  and  steam  over  the  demands 
of  the  engine,  that  we  can  economize  fuel ;  it  is  only  by  this  surplus  power  that 
sufficient  time  can  be  allowed  for  each  particle  of  heated  matter  to  transmit  its 
burthen  of  caloric  to  the  water,  before  it  quits  the  boiler. 

It  will  be  observed,  that  the  Table  exhibits  the  particulars  of  the  loco¬ 
motive  combustion,  in  M.  de  Pambour’s  experiments,  coke  being  the  combustible, 
which  has  been  compared  with  that  from  coal  in  all  the  other  boilers.  I  have 
extracted  from  Mr.  Wood’s  third  edition  of  his  Work  on  Railways,  page  333, 
his  own  experiments  on  evaporation  from  a  locomotive,  coal  being  the  com¬ 
bustible,  in  an  engine  termed  by  him  the  “  improved  Killingworth,”  all  the 
elements  of  which  will  be  found  decomposed,  Experiment  XVI.  These,  so  far 
as  I  can  ascertain,  are  the  only  recorded  facts  of  locomotive  evaporation  with 
coal  as  fuel ;  and  though  the  boiler  of  the  “  improved  Killingworth  engine  ”  is 
evidently  one  not  fitted  for  railway  engines  in  general,  (nor  is  it  recommended 
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as  such  by  Mr.  Wood,)  yet  the  facts,  coming  from  so  respectable  a  source,  are 
entitled  to  credence,  and  are  highly  useful  as  illustrating  the  calorific  valuO  of 
coke  and  coal  as  combustibles  in  the  locomotive. 

Prodigal  as  the  other  locomotives  have  seemed  to  be,  this  boiler  exhibits  an 
appetite  for  fuel  which  a  near  proximity  to  a  coal-pit  alone  could  satisfy  ;  never¬ 
theless,  its  voracity  does  not  appear  to  me  to  be  much  if  at  all  greater  than  other 
locomotive  boilers,  whose  apparent  evaporation  and  economy  are  superior,  chiefly 
because  they  are  supplied  with  the  stronger  and  more  condensed  food  of  coke. 
In  my  former  paper  I  stated  the  necessity  of  diminishing  the  results  of  evapo¬ 
ration  obtained  from  coke,  in  the  locomotive  boilers,  or  raising  those  from  coal 
in  the  other  boilers,  that  the  comparison  between  them  might  be  made  on 
equal  terms.  Mr.  Wood’s  experiments  on  the  “  improved  Killingworth  boiler” 
tend  to  confirm  me  in  not  having  over-rated  the  strength  of  coke  in  my  former 
estimate,  as  the  evaporation  obtained  by  him  is  4.4 lbs.  of  water  by  lib.  of 
coal,  and  that  from  coke  6.2  lbs.  in  the  other  engines,  (from  the  temperature  of 
the  water  in  the  tender,)  being  a  difference  in  favour  of  coke  of  40  per  cent. — 
Though  Mr.  Wood’s  boiler,  from  its  dimensions  and  proportions  of  parts,  would 
be  considered  inferior  in  its  economic  qualities,  compared  with  the  other  loco¬ 
motive  boilers  examined,  I  do  not  think  it  much  so,  and  it  possesses  some 
advantages  which  the  others  have  not ;  and,  though  I  find  M.  de  Pambour, 
page  349,  quoting  from  Mr.  Wood,  that  “  a  ton  of  coals  of  good  quality  produces 
a  little  more  evaporation  than  the  same  weight  of  good  coke,”  I  feel  fortified 
by  the  positive  fact  now  adduced  from  experiments  by  Mr.  Wood  himself,  in 
adhering  to  my  former  conclusion,  and  I  have,  consequently,  in  all  the  fore¬ 
going  comparisons,  reduced  the  evaporative  product  obtained  from  the  loco¬ 
motives  by  20  per  cent.,  leaving  the  precise  facts  of  the  experiments  in  the 
Table*. 

*  When  writing  my  paper  of  last  session,  I  was  not  aware  that  any  doubt  of  the  fact  of  the 
superior  strength  of  coke  over  coal  existed  ;  and  seeing  that  every  day  practice  and  experience 
in  various  arts,  and  under  steam-boilers  also,  verified  my  own  opinion,  the  only  question  in  my 
mind  was  the  degree  of  difference  in  calorific  value  of  the  two  combustibles,  and  I  contented 
myself  by  assigning-  ^th  in  favour  of  coke,  which  I  then  thought,  and  still  think,  too  low.  It 
seems  that  Smeaton  found  the  effect  of  coke  to  be  |  ths  that  of  an  equal  weight  of  the  same 
coals  from  which  the  coke  was  made — 66  lbs.  of  coke  being  obtained  from  100  lbs.  of  coal, 
(Farey  on  the  Steam-Engine,  page  172,)  but  it  does  not  appear  that  he  made  any  alteration  in 
his  grate  to  suit  it  for  coke,  and  without  such  adaptation  the  experiment  tells  nothing.  I  have 
found,  by  proper  management,  75  lbs.  of  coke  equal  in  effect  to  100  lbs.  of  the  self-same  coal 
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AN  INVESTIGATION 

OF 

THE  RELATIVE  TIME  DURING  WHICH  THE  PRODUCTS  OF  COMBUSTION,  FROM 
EQUAL  WEIGHTS  OF  FUEL,  CONTINUE  IN  OPERATION  ON  EQUAL  AREAS  OF 
THE  SURFACE  OF  THE  BOILERS ;  WITH  AN  ESTIMATE  OF  THE  QUANTITY  AND 
INTENSITY  OF  THE  HEAT  APPLIED  TO  THEM. 

The  structure  of  the  parts,  and  the  mode  of  setting  a  boiler,  occasion  the  heat 
applied  to  it  to  travel  greater  or  less  distances,  and  to  pass  over  very  unequal 
extents  of  surface,  in  equal  or  unequal  times.  The  distance  travelled  I  shall 
consider  as  determined  by  the  length  of  the  circuit  which  the  heat  is  compelled 
to  traverse  from  the  grate  till  it  quits  the  boiler.  The  time  in  which  it  performs 
the  circuit,  is  the  period  of  the  duration  of  a  particle  of  heat  about  the  boiler, 
and  is  the  first  question  to  be  considered. 

from  which  the  coke  was  made,  by  actual  practice  on  many  tons  during  several  weeks  of  work. 
Mr.  Pellatt’s  mode  of  burning  coke  exhibits,  in  a  far  more  perfect  manner  than  any  steam-boiler 
can  do,  the  relative  calorific  value  of  coke  and  coal.  The  space  within  his  glass  pot  furnace 
gives  abundant  room  for  the  combination  of  air  with  the  gaseous  products  ;  the  flames  are  not 
extinguished  by  comparatively  cold  surfaces  like  those  of  a  boiler,  which,  after  inflammation, 
reduce  them  back  again  into  smoke  ;  the  heat  requisite  for  perfect  combustion  is  always  pre¬ 
sent  ;  and  his  furnaces  are  particularly  favourable  to  the  development  of  all  the  power  of  coal ;  yet 
he  finds  common  gas  coke  to  be  superior  to  coals  in  heating  power  by  25  per  cent.  ;  and  gas  coke 
is  stated  by  M.  de  Pambour  to  be  found  inferior  to  Worsley  coke  by  12|  per  cent;,  which  no  one 
acquainted  with  coke  will  doubt — thus  exhibiting  an  excess  over  coal  by  ?>1\  per  cent,  from 
good  oven  coke.  Coke  may  be  defined  to  be  the  concentrated  essence  of  coal ;  it  has  been 
deprived  of  its  weaker  calorific  elements  ;  it  consists  chiefly  of  carbonaceous  matter,  and  must, 
necessarily,  give  out  a  much  greater  quantity  of  heat  than  an  equal  weight  of  coal.  If  the  results 
of  locomotive  practice  be  such  as  have  been  presented  by  M.  de  Pambour  and  Mr.  Wood, 
(though  not  confirmed  by  the  latter  gentleman’s  experiments  above  quoted,)  they  merely  shew 
that  a  locomotive  furnace  and  boiler  are  ill  adapted  to  develope  the  power  either  of  coke  or 
coal ;  and  they  simply  prove,  that  in  the  way  in  which  coke  and  coal  are  submitted  to  combus¬ 
tion,  and  their  heat  to  absorption  in  that  boiler,  the  loss  on  the  whole  heat  generated  is  propor¬ 
tionally  much  greater  on  coke  than  coal.  The  products  of  the  combustion  of  coke  (unincumbered 
with  the  caliginous  particles  attending  that  of  coal,  and  occupying  much  less  space  than  flame)  es¬ 
cape  more  rapidly  and  freely  through  the  tubes  than  the  more  gaseous  and  voluminous  products  of 
coal,  from  which  they  have  previously  been  purified.  That  the  heat  from  coke  is  more  intense 
than  that  from  coal  is  a  matter  of  notoriety,  and  the  fact(ifitbea  fact)  of  coal  having  produced  as 
great  an  effect  as  coke  in  locomotives  probably  arises  from  the  longer  detention  of  the  flame  and 
heat  of  the  former  within  the  boiler,  because,  from  its  greater  volume  and  expansion  it  cannot 
get  out  as  fast  as  the  heat  of  coke,  which  may  have  led  to  the  hasty  and  fallacious  conclusion, 
that  coke  is  the  weaker  combustible. 

F  2 
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The  rate  of  combustion,  or  the  time  in  which  a  pound  of  fuel  is  burnt,  seems 
to  me  to  be  the  best  practical  measure  of  the  velocity  of  the  products  of  that 
combustion  about  a  boiler.  The  mind  readily  apprehends,  that  if  a  pound  of 
coal  be  consumed  under  one  boiler,  in  half  the  time  that  it  is  consumed  under 
another,  the  velocity  of  the  current  must  be  twice  as  rapid  in  the  one  case  as  in 
the  other ;  but  if  the  velocity  be  expressed  in  feet  per  minute,  or  miles  per 
hour,  no  information  is  conveyed  of  an  appreciable  or  practical  nature  ;  nor  does 
that  expression  reach  the  source  or  origin  of  the  current,  viz.,  the  rate  of  com¬ 
bustion.  The  real  velocity  of  the  current  of  heat  is  not  determinable  from  this 
datum  of  the  rate  of  combustion,  and  it  is  very  different  in  different  parts  of  the 
same  boiler,  nor  can  it  be  accurately  ascertained  without  some  fitting  instrument ; 
and  all  that  has  been  written  about  the  density  and  rate  of  motion  of  the  heat  in 
a  locomotive  boiler — based  on  calculations  of  its  velocity  from  that  of  the  steam 
escaping  from  the  blast  pipe — strikes  me  as  utterly  worthless  in  a  practical 
sense,  as  giving  no  knowledge,  and  leading  to  no  useful  end ;  and  such  calcula¬ 
tions  would,  I  am  convinced,  be  found  very  wide  of  the  truth  if  tested  by  a 
meter  *. 

I  shall  simply  attempt  to  determine  the  relative,  not  the  positive,  times 
occupied  by  the  heat  in  operating  on  the  different  boilers  under  review,  and  state 
the  result  in  terms  of  the  ratios  which  these  times  bear  to  each  other.  In 
endeavouring,  therefore,  to  estimate  the  value  of  time  as  an  element  influencing 
evaporative  results,  I  shall  consider  it  to  be  referable— 

1st.  To  the  rate  of  combustion. 

2d.  To  the  distance  passed  over  by  the  products  of  combustion  before  they 
quit  the  boiler. 

3d.  To  the  time  in  which  the  heat  traverses  the  boilers. 

4th.  To  the  period  of  the  duration  of  the  heat  about  equal  areas  of  surface. 

It  is  necessary  to  state  that  the  rate  of  combustion  now  spoken  of,  is  not  the 
rate  reckoned  on  the  square  foot  of  grate,  but  the  consumption  of  fuel  in  an  unit 
of  time  under  one  boiler  of  each,  class.  It  has,  therefore,  been  necessary  to  reduce 
the  whole  weight  of  fuel  burnt  in  a  given  time,  in  the  several  experiments,  to  its 
equivalent  under  one  boiler.  The  evaporative  results  are  not  affected  thereby, 
but  remain  strictly  comparable  with  the  results  arising  out  of  the  present  inves¬ 
tigation,  and  the  facts  which  appear  in  Table  II.,  as  data  required  for  this 
analysis,  are  all  derived  from  particulars  given  in  Table  I. 

*  Wood  on  Railways.  Third  Edition,  page  508. 
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Table  II. 


Rate  of  combustion  in  one  Boiler. 

Circuit 

of 

the  Heat. 

Heated 

surface. 

Boilers. 

Pounds  burnt 
per  minute. 

Time  in  burning 
lib. 

Cornish . 

Warwick . 

Mean  Wagon.. 
Locomotive.... 

lbs. 

1.361 

1.566 

3.620 

9.295 

seconds. 

44.08 

38.31 

16.57 

6.45 

ft. 

155.00 

50.66 

72.50 

7.00 

sq.  ft. 

961.66 

151.66 
342.81 
334.56 

Proposition  1.  The  velocities  of  the  current  of  heated  matter  through 
each  boiler,  will  be  to  one  another  directly  as  the  rates  of  combustion,  and  in¬ 
versely  as  the  time  in  which  equal  weights  of  fuel  are  burnt.  Using  the  latter 
measure,  it  appears  that  the  respective  velocities  are, 

Locomotive  to  the  Cornish  as  44.08  to  6.45,  or  6.835  to  1. 

Ditto  Warwick  38.31  to  6.45,  or  5.939  to  1. 

Ditto  Mean  wagon  16.57  to  6.45,  or  2.569  to  1. 

Proposition  2.  The  distances  passed  over  by  the  heat  before  it  quits  the 
boiler,  are  to  each  other  directly  as  the  circuits  of  the  boilers :  thus  the 
Locomotive  is  to  the  Cornish  as  7  to  155.00,  or  1  to  22.142. 

Ditto  Warwick  as  7  to  50.66,  or  1  to  7.237. 

Ditto  Mean  wagon  as  7  to  72.50,  or  1  to  10.357. 

Proposition  3.  The  times  in  which  the  surface  of  the  several  boilers  is 

traversed  by  the  heat,  will  be  to  each  other,  as  the  products  of  the  ratios  of  the 

velocities  of  the  current,  or  rates  of  combustion,  multiplied  into  the  ratios  of  the 

lengths  or  circuits  travelled :  thus  the 

Locomotive  is  to  the  Cornish  as  6.835  x  22.142  =  151.34  to  1. 

Ditto  Warwick  as  5.939  x  7-237  =  42.98  to  1. 

Ditto  Mean  wagon  as  2.569  x  10.357  =  26.60  to  1. 

These  last  found  sums  truly  represent  the  difference  in  the  periods  occupied 

by  the  passage  of  a  particle  of  heat  from  the  grate,  till  it  quits  the  boilers ;  they 
consequently  represent  the  difference  in  the  periods  of  duration  about  the  boilers 
of  the  products  of  combustion  from  equal  weights  of  fuel ;  and  we  see  that  the 
heat  of  a  pound  of  fuel  remains  in  operation  15  lj  times  in  the  Cornish,  43  times 
in  the  Warwick,  and  2  6-J  times  in  the  mean  wagon  experiments  longer  than  it 
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remains  in  the  locomotive  boiler.  In  like  manner  the  mutual  ratios  of  the  dur¬ 
ation  of  the  heat  about  the  Cornish  and  other  boilers  respectively  are  ex¬ 
hibited. 

During,  however,  the  periods  in  which  the  heat  thus  acts  upon  the  boilers, 
it  has  spread  itself  over  very  varying  extents  and  qualities  of  surface.  It  issues 
from  the  locomotive  after  travelling  only  7  feet ;  but,  in  that  length,  it  has 
passed  through  96  tubes  *,  in  as  many  streams  or  volumes,  and  communicated 
caloric  during  its  transit,  to  33 4 \  square  feet.  In  the  other  boilers,  the  heat 
makes  its  circuit  in  one  unbroken  volume,  it  visits  each  portion  of  the  boiler  in 
succession,  and  it  finally  escapes  in  the  same  unbroken  volume  f .  Though, 
therefore,  we  have  found  as  above,  the  ratios  of  the  periods  of  the  duration  of 
the  heat  in  the  several  boilers,  we  have  yet  to  find  the  relative  time  occupied 
by  it  in  giving  off  its  caloric  to  equal  portions  of  surface.  This  is  the  second 
question  to  be  considered,  and  is  very  easily  solved. 

Proposition  4.  The  heated  areas  of  the  boilers  are  to  one  another  respect¬ 
ively,  as  follows :  the 

Cornish  is  to  the  Locomotive  as  961.66  to  334.56,  or  2.874  to  1. 
Warwick  ditto  151.66  to  334.56,  or  0.453  to  1. 

Mean  wagon  ditto  342.81  to  334.56,  or  1.024  to  1. 

Proposition  5.  The  periods  of  the  duration  of  the  heat  about  equal  areas 
of  surface,  in  the  different  boilers,  will  be  to  each  other  as  the  products  of  the 
ratios  of  the  velocities  of  the  current,  or  rates  of  combustion,  multiplied  into  the 
ratios  of  the  respective  surfaces  exposed  to  absorb  the  heat :  and  the 

Cornish  is  to  the  Locomotive  as  6.835  x  2.874  =  19.64  to  1.  , 

Warwick  ditto  5.939  x  0.453  =  2.69  to  1. 

Mean  wagon  ditto  2.569  x  1.024  =  2.63  to  1. 

Thus  we  find  that  the  heat  from  equal  weights  of  coal  acts  upon  equal  areas 
during  1  minute  in  the  locomotive,  and  during  2.63,  2.69,  and  19.64  minutes 

*  The  average  number  in  the  boilers  experimented  upon  by  M.  de  Pambour. 

-j-  Though  in  the  Cornish,  and  such  of  the  other  boilers  as  have  internal  flues,  the  heat  is 
split,  during  a  portion  of  its  progress,  into  two  currents,  the  latter  unite  before  quitting  the 
boiler,  and  numberless  experiments  in  setting  these  boilers  have  proved  the  effect  to  be  the 
same,  whether  having  what  is  termed  a  wheel,  or  a  split  draft.  I  have,  therefore,  for  the  sake  of 
simplicity,  spoken  of  the  heat  making  the  circuit  of  these  boilers,  “  in  one  unbroken  volume 
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respectively  in  the  other  boilers.  These  then  may  be  properly  termed  the 
relative  periods  of  calorific  action ,  arising  out  of  the  structure  and  practice  of  each 
class  of  boiler. 

The  truth  of  these  results  may  be  confirmed  by  another  process.  It  is  the 
same  thing  to  burn,  as  in  the  Cornish  boiler,  one  pound  of  coal  in  44.08  seconds, 
and  apply  the  heat  to  961.66  square  feet  of  boiler,  as  to  burn  44.08  lbs.  in  one 
second  of  time,  and  apply  the  heat  to  44.08  times  as  great  a  surface.  We  should 
thus  find  that  42389  square  feet  would  be  the  area  corresponding  with  that  in¬ 
creased  rate  of  combustion  for  the  Cornish  boiler.  In  like  manner  2157  square 
feet  would  be  the  equivalent  surface  for  a  rate  of  combustion  in  the  locomotive 
increased  by  6.45  times.  The  quotient  of  42389  -r-  2157  is  19'64  as  above, 
and  represents  precisely  the  difference  in  time  during  which  the  heat  elicited 
from  a  pound  of  coal  remains  in  operation  under  equal  surfaces  in  the  Cornish 
and  locomotive  boilers  respectively. 

Were  the  respective  surfaces  and  structure  of  boilers  of  an  identical  nature, 
and  the  practice  in  each  case  equally  skilful,  surface  and  time  would  be  con¬ 
vertible  terms,  and  ratios  obtained  by  the  foregoing  process  would  express  with 
precision  the  additional  areas  requisite  to  be  given  to  one  boiler,  in  order  that  its 
evaporative  economy  should  correspond  with  that  of  any  other  boiler  compared 
with  it ;  and  though  we  are  ignorant  of  the  heat-transmitting  powers  of  plates 
of  metal  of  varying  thicknesses,  as  also  of  the  effect  of  their  position  in  the 
arrangement  of  the  parts  of  a  boiler ;  nevertheless,  by  this  method  of  analysis, 
we  can  make  ourselves  acquainted  with  the  fact,  and  with  the  amount  of  any 
deficiency  in  the  element  time  by  the  comparison  of  inferior  with  superior 
boilers ;  and  we  are,  by  these  means,  informed  of  the  relative  degree  in  which 
that  element  is  possessed  by  the  different  boilers  under  review. 

We  know,  however,  that  boilers  in  every  respect  alike  as  to  structure, 
strength,  proportion  of  parts,  &c.,  yield  very  different  results  from  different 
treatment,  as  shewn  in  numerous  instances  in  Table  I. ;  so  that  these  indica¬ 
tions  of  the  effect  of  time  must  be  viewed  simply  in  the  light  of  so  many  facts 
attending  the  comparative  practice  of  the  several  classes  of  boiler  in  the  experi¬ 
ments  under  examination,  and  not  as  determinate  of  any  law  or  rule  by  which 
the  period  of  calorific  action,  or  the  extent  of  surface  requisite  for  obtaining  equal 
effects  from  equal  weights  of  fuel,  in  all  forms  and  conditions  of  boiler,  are  go¬ 
verned.  There  can  be  no  question  but  that  time ,  in  some  amount,  is  indispens- 
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able  for  the  transmission  of  heat  to  water  through  the  vessel  which  contains  it 
— whatever  be  the  structure  or  strength  of  that  vessel ;  but  it  is  equally  cer¬ 
tain  that  the  quality  of  the  fuel,  the  intensity  of  the  combustion,  the  nature  and 
strength  of  the  material  of  the  vessel,  the  form  and  arrangement  of  its  parts, 
the  proportion  of  one  part  to  another,  and  other  causes  exercise  also  no  incon¬ 
siderable  influence  over  evaporative  results  :  I  thought  it,  therefore,  better  to 
separate  this  more  analytical,  from  the  more  purely  practical  part  of  the  subject, 
than  to  risk  confusion  by  involving  the  abstract  question  of  time  and  its  influ¬ 
ence,  in  the  consideration  of  the  effects  produced  by  other  phenomena  on  the 
performance  of  the  boilers. 

The  following  Table  exhibits,  in  juxtaposition,  the  rates  of  combustion,  the 
evaporative  results,  the  ratios  now  found  of  the  periods  of  calorific  action,  with 
the  gain  and  loss  of  effect,  by  which  the  influence  due  to  time,  on  the  economy  of 
heat  may  be  accurately  appreciated. 


Table  III. 


BOILERS. 

Rate  of 
combustion. 

Water 
evaporated 
by  1  lb.  of 
coal. 

Ratios  of  the  total  du¬ 
ration  of  the  heat  in 
the  boilers  from  equal 
weights  of  coal 

Ratios  of  the  duration 
of  equal  amounts  of 
heat,  about  equal  areas 
of  the  boilers. 

Loss  of  eva¬ 
porative  effect, 
the  Cornish 

results  being 
unity. 

Gain  of  eva¬ 
porative  effect, 
the  Locomotive 
results  being 
unity. 

Cornish . 

Warwick . 

Mean  Wagon 
Locomotive.. 

1  lb.  in 
seconds. 

44.08 

38.31 

16.57 

6.45 

212°. 

lbs. 

11.82 

10.32 

8.83 

5.57 

Locomotive, 

Unity. 

155.00 

42.98 

26.60 

0.00 

Locomotive, 

Unity. 

19.64 

2.69 

2.63 

0.00 

Per  cent. 

12.69 

24.45 

51.18 

Per  cent. 

104.85 

79.02 

53.03 

Having  thus  ascertained  the  relative  periods  of  the  total  duration  of  the 
heat  about  the  boilers,  and  about  equal  areas  of  the  entire  surface,  which  ap¬ 
pear  so  vitally  to  affect  economy,  two  other  important  phenomena  press  them¬ 
selves  on  the  attention,  as  having  an  especial  bearing  on  the  durability  of  the 
boilers ;  viz.,  the  relative  quantity,  and  the  relative  intensity  of  heat  given  off 
to  those  portions  of  the  boilers  which  are  exposed  to  the  direct  action,  or  radiating 
caloric  of  the  fire.  As  data  for  this  investigation  it  is  necessary  to  extract  from 
Table  I.  the  areas  of  the  radiant  surfaces,  and  grates. 
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Table  IV. 


1  BOILER. 

Area  exposed 
to 

radiant  heat. 

Area  of  the  Grates. 

Sq.  ft. 

Sq.  ft. 

Cornish . 

35.33 

23.66 

Warwick . 

35.66 

23.50 

Mean  Wagon 

39.82 

20.87 

Locomotive.... 

41.47 

7.00 

Proposition  6.  The  quantities  of  heat,  generated  in  equal  times,  are  directly 
as  the  rates  of  combustion  before  found,  Prop.  1 . 

Proposition  7-  The  areas  of  the  boilers  exposed  to  the  radiating  caloric  are 
to  one  another  as  follows  ;  the 

Locomotive  to  the  Cornish  as  41.47  to  35.33,  or  as  1  to  0.851. 

Ditto  Warwick  as  41.47  to  35.66,  or  as  1  to  0.860. 

Ditto  Mean  Wagon  as  41.47  to  39.82,  or  as  1  to  0.960. 

Proposition  8.  The  quantity  of  heat  supplied  to  equal  areas  of  these  por¬ 

tions  of  the  boilers,  will  be  as  the  products  of  the  ratios  of  the  rates  of  combus¬ 
tion  multiplied  into  the  ratios  of  the  radiant  surfaces  ;  thus  the 

Locomotive  is  to  the  Cornish  as  6.835  x  0.851  =  5.81  to  1. 

Ditto  Warwick  as  5.939  x  0.860  =  5.10  to  1. 

Ditto  Mean  Wagon  as  2.569  x  0.960  =  2.46  to  1. 

These  sums  indicate  that  in  equal  periods  the  locomotive  fire  box  is  supplied 
with  5.81  times  more  heat  than  an  equal  area  of  the  Cornish,  and  5.10  and  2.46 
times  more  heat  than  the  Warwick  and  mean  wagon  boilers ;  and  they  would  ex¬ 
press  the  relative  force  of  calorific  action  on  each  square  foot,  or  on  equal  areas 
of  the  surfaces  under  review,  provided  the  fuel  were  burnt  on  grates  of  equal 
size ;  but  the  intensity  of  the  calorific  action — by  which  the  durability  of  the 
boilers  is  principally  affected,  as  also  the  product  in  steam  from  the  radiant  sur¬ 
faces — must  be  measured  in  a  different  manner. 

The  quantity  of  heat  supplied  to  any  boiler  would  not  affect  the  material  of 
which  it  is  composed  any  the  more,  whether  that  quantity  or  volume  were 
greater  or  less,  provided  its  temperature  or  intensity  remained  the  same.  This 
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intensity  varies  greatly  in  the  different  boilers.  We  have  seen  that  on  the  grate 
of  the  locomotive  6.835  times  more  heat  is  generated  in  equal  periods  than  on 
the  Cornish  grate  ;  but  the  grate  of  the  locomotive  has  only  7  feet  area,  whilst 
that  of  the  Cornish  has  23.66  feet ;  and  we  know  that  nearly  7  times  as  much 
fuel  cannot  be  burned  in  equal  times  off  a  grate  less  by  two  thirds  than  another 
grate,  without  the  accelerated  combustion  being  accompanied  by  a  very  con¬ 
siderable  elevation  of  temperature  in  the  products  of  combustion.  The  intensity 
of  that  combustion  must,  therefore,  be  found  before  its  intensity  of  action  on  the 
surfaces  exposed  to  it,  can  be  ascertained. 

Proposition  9.  The  areas  of  the  grates  are  to  one  another  as  follows ;  the 
Locomotive  is  to  the  Cornish  as  7  to  23.66,  or  1  to  3.380. 

Ditto  Warwick  7  to  23.50,  or  1  to  3.357- 

Ditto  Mean  Wagon  7  to  20.87,  or  1  to  2.981. 

Proposition  1 0.  The  relative  intensity  of  the  combustion  of  the  fuel  will  be 
as  the  products  of  the  ratios  of  the  areas  of  the  grates  multiplied  into  the  ratios 
of  the  rates  of  combustion  upon  those  grates  ;  thus  the 

Locomotive  is  to  the  Cornish  as  6.835  x  3.380  =  23.10  to  1. 

Ditto  Warwick  5.939  x  3.357  =  19.93  to  1. 

Ditto  Mean  Wagon  2.569  x  3.727=  7.65  to  1. 

As  a  proof  that  these  last  ratios  are  correct  exponents  of  the  relative  force  or 
intensity  of  combustion  in  equal  times,  they  will  be  found  to  coincide  precisely 
with  the  difference  in  the  weights  of  coal  burnt  on  each  square  foot  of  grate  per 
hour,  as  shewn  in  Table  I.,  column  20. 


PROOFS. 

lbs. 

79.3  coal  burnt  on  each  square  of  grate  per  hour,  in  the  locomotive -h  3.4  lbs., 
the  rate  of  the  Cornish  =  23.03  ratio. 

lbs.  lbs. 

79.3  h-  4  the  rate  of  the  Warwick  =  19-8  ratio. 

79.3-7-10.4  Mean  Wagon  =  7-6  ratio. 


By  involving  these  ratios  with  those  of  the  respective  areas  of  the  radiant 
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surface,  the  intensity  of  the  calorific  action  on  equal  areas,  in  equal  times,  will  be 
made  manifest. 


Proposition  11.  The  relative  intensity  of  calorific  action  on  the  surfaces  ex¬ 
posed  to  radiant  heat,  will  be,  as  the  products  of  the  ratios  of  the  intensity  of 
combustion  on  the  several  grates,  multiplied  into  the  ratios  of  the  areas  of  the 
radiant  surfaces ;  and  the 

Locomotive  is  to  the  Cornish  as  23.10  x  0.851  =  19.65  to  1. 

Ditto  Warwick  19.93  x  0.860  =  16.83  to  1. 

Ditto  Mean  Wagon  7.65  x  0.960=  7.34  to  1. 

The  proofs  of  this  solution  of  the  problem  will  appear  by  the  identity  of  the 

last  ratios  with  the  quotients  of  23.10  x  ;  of  19.93  x?--;  and  of 

41.47  41.47 


7.65  x 


39.82 


,  ,  being  the  respective  ratios  of  fuel  burnt,  and  of  radiant  surface 
41.47 

between  the  locomotive  and  the  three  other  boilers. 

The  results,  arising  out  of  the  foregoing  propositions  as  affecting  the  durability 
of  the  boilers  to  a  great,  and  their  safety  to  a  certain  extent  are  classified  in 


Table  V. 


BOILERS. 

Ratios  of  the  intensity  of  the 
combustion  in  the  several  boilers, 
to  that  in  the  Locomotive,  each 
boiler  unity. 

Ratios  of  the  intensity  of 
calorific  action  on  the  parts  ex¬ 
posed  to  radiant  heat  to  that  in 
the  Locomotive,  each  boiler 
being  unity. 

Cornish . 

Warwick . 

Mean  Wagon  . 

Locomotive . 

Ratios  to  Locomotive. 

1  to  23.10 

1  to  19.93 

1  to  7.65 

Ratios  to  Locomotive. 

1  to  19.65 

1  to  16.83 

1  to  7.34 

I  have  used  the  phrase  intensity  of  calorific  action  rather  than  intensity  of 
heat  or  temperature,  as  these  sums  by  no  means  express  the  difference  in  the 
degrees  of  the  latter.  I  am  not  aware  that  the  temperature  of  boiler  fires  has 
ever  been  ascertained  pyrometrically  or  otherwise,  nor  do  I  very  clearly  see  how 
such  indications  could  be  obtained  by  instruments  ;  nor  would  any  ascertained 
temperatures  denote  the  effect  of  what  I  have  termed  calorific  action  on  the 
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metal  of  the  boilers.  The  intensity  of  that  action  is  not  referable  to  the  tem¬ 
perature  of  the  fire  alone ;  it  is  modified  by  the  distance  of  the  fire  from  the 
surfaces  exposed  to  it,  in  proportion  to  the  squares  of  those  distances  ;  it  is  modi¬ 
fied  by  the  nature  of  the  combustible  used ;  by  the  nature  of  the  particular 
gasses  which  impinge  against  the  metal ;  by  the  force  with  which  the  radiant 
particles  are  thrown  off  from  the  grate ;  also,  by  the  force  with  which  the 
flames  strike  the  absorbing  surface  ;  and  I  conceive  the  latter  force  to  be  infi¬ 
nitely  more  influential  on  the  durability  of  an  evaporative  vessel,  than  that  of 
the  radiating  caloric,  as  the  temperature  of  flame  is  much  more  elevated  than 
that  of  radiant  heat. 

Intensity  of  combustion  is  the  effect  of  the  velocity  of  the  current  of  air 
upon  the  fire ;  and  what  I  wish  to  convey  by  the  phrase  intensity  of  calorific 
action ,  is  the  joint  force  arising  from  the  increased  temperature,  and  increased 
velocity  of  the  product  of  combustion ;  and  the  degrees  of  durability  are  the 
consequences  of  the  effects  produced  by  this  force  upon  the  material  of  the 
vessels.  It  is  clear  that  the  temperature  of  the  heat  in  Ihe  fire-box  of  a  loco¬ 
motive  is  not  pyrometrically  eighteen  times  more  elevated  than  that  within  the 
furnace  of  a  Cornish  boiler  ;  nevertheless,  the  ratios  found  in  Proposition  1 1  are 
facts  as  regards  the  relative  action  of  the  fires,  and  they  are  not  bad  approximate 
measures  of  the  effects  caused  by  the  different  systems  of  practice  upon  the 
durability  of  those  portions  of  the  boilers  which  are  exposed  to  what  is  called 
radiant  heat,  or  radiating  caloric  ;  a  phrase  which  expresses  a  very  inadequate 
idea  of  the  severe  action  to  which  these  surfaces  are  subjected. 

The  advantage  of  slow  combustion  will,  by  these  investigations,  have  been 
rendered  more  evident  than  by  considering  its  effect  on  economy  alone ;  and 
the  influence  of  time  as  an  element  concerned  not  only  in  the  generation,  but  in 
the  subsequent  use  of  the  heat,  will  be  better  appreciated. 

Having  exhibited  the  relative  state  in  which  the  heat  is  found  within  the 
furnaces  of  the  several  boilers,  it  would  be  easy  to  shew  its  condition  and 
relative  intensity  upon  the  communicative  portions ;  but  as  a  comparison  has 
already  been  given  of  its  duration  about  equal  areas  of  the  entire  surface,  I 
conceive  the  influence  of  time  will  be  sufficiently  understood  without  pursuing 
the  investigation  further. 
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Table  I. 


PARTICULARS  OF  THE  BOILERS. 
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sq.  ft. 

sq.  ft. 

ft. 

sq.  ft. 

I. 

Hue!  Towan 

w 

3 

36 

... 

6.0 
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4.4 

... 

... 

1646 

1524 

3170 

98 

3072 

158. 

70.0 

II.* 

Mean  of  Exp. 

w 

I.  &  II . 

Cyl. 

3 

36.66 

... 

6.2 

4.2 

... 

... 

1445 

1440 

2885 

106 

2779 

155. 

71.0 

2.  r  4.0 
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459.0 

71.0 
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t  W.  indicates  Welsh;  S.  Staffordshire ;  L.  Lancashire;  N.  Newcastle. 
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Table  I. — continued. 


PARTICULARS  OF  THE  COMBUSTION. 

Q 

X 

to 

.2 

Vi 

0) 

6 

2 

"c$ 

PARTICULARS  OF  THE  EVAPORATION  FROM  THE  INITIAL  TEMPERATURE 

OF  THE  WATER. 

No.  of  experiment. 

Duration  of  the  experiment. 

Total  weight  of  fuel  burnt. 

Weight  burnt  per  hour. 

Weight  burnt  per  square  foot  of 
grate  per  hour. 

Weight  burnt  per  square  foot  of 
|  heated  surface  per  hour. 

P 

D 

0) 

OJ 

£ 

o 

o 

p 

>-« 

Qi  rn 

PhE 

23 

£2 

rC 

0) 

> 

o 

'ci 

1 

0) 

£ 

o 

a> 

. 

P  <9 
w  3 

J-.  7? 

CU  3? 

Total  pounds  of  water  evapo¬ 

rated. 

Total  cubic  feet  evaporated. 

Pounds  evaporated  per  hour. 

Cubic  feet  evaporated  per  hour. 

Pounds  evaporated  per  1  lb.  of 

fuel. 

Cubic  feet  evaporated  by  112 

lbs.  of  fuel. 

Pounds  of  fuel  evaporating  1 

cubic  foot  of  water. 

Pounds  of  water  evaporated  by 

the  products  of  combustion  per 

square  foot  of  grate  per  hour. 

Pounds  of  water  evaporated  per 

square  foot  of  heated  surface 

per  hour. 

I. 

ho.  min. 

24  33 

lbs. 

5003 

lbs. 

203.78 

lbs. 

2.83 

lbs. 

0.078 

93.8 

lbs. 

49.4 

lbs. 

52937 

cub.  ft. 

847.0 

lbs. 

2156.31 

cub.  ft. 

34.82 
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5.90 

lbs. 
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24 
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35.0 
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3003.0 
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18.79 

5.95 
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3.46 
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41.43 
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5.92 

36.42 
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III. 

11  27 

3005 
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7.00 
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... 

... 

... 

... 

... 

... 
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25 

3 
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... 
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V. 
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4.00 
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93.0 
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X. 

8 
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4.0 
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44.25 

8.38 

15.02 

7.45 

99.65 
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XI. 

10 

4030 

403.00 

16.44 

0.772 

100.25 

2.5 

34750 

556.0 

3475.0 

55.60 

8.62 

15.45 

7.24 

141.83 

6.663 

XII. 

19 

5512 

290.00 

12.79 

0.840 

101.50 

2.5 

38625 

618.0 

2032,9 

32.52 

7.00 

12.55 

8.91 

89.71 

5.891 

XIII. 

22  22 

5953 

250.13 

6.17 

0.725 
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2.5 

48251 

772.24 

2157.92 

34.53 

8.10 

14.52 

7.70 

53.28 

6.254 

XIII.* 

13 

56 

3680 

271.58 

10.75 

0.798 

77.0 

3.68 

28173 

450.81 
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34.40 

7.76 

13.91 

8.18 

83.83 

6.289 

XIV. 

1 

714 

714.00 

20.34 

1 .55 

152.0 

1.5 

5625 

90.0 

5625.0 

90.0 

7.87 

14.11 

7.93 

160.25 

12.250 

XV. 

1 

38 

911 

557.75 

79.33 

1.66 

60.0 

50.0 

5664 

90.62 

3467.75 

55.48 

6.21 

11.14 

10.05 

493.27 

10.360 

XVI. 

1 

586.88 

586.80 

45.49 

4.73 

60.0 

2620 

41.92 

2620.0 

41.92 

4.46 

8.00 

14.00 

203.10 

21.118 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
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Table  I. — continued. 


PARTICULARS  OF  THE  EVAPORATION  FROM  WATER  AT  THE  TEMPERATURE  OF  212«. 


■ 

1 

;  No.  of  experiment. 

Total  pounds  of  water  evapo¬ 
rated. 

Total  cubic  feet  evaporated. 

Pounds  evaporated  per  hour. 

Cubic  feet  evaporated  per  hour. 

Pounds  evaporated  by  1  lb.  of 

fuel. 

Cubic  feet  evaporated  by  112 

lbs.  of  fuel.  * 

Pounds  of  fuel  evaporating  1 
cubic  foot  of  water. 

Pounds  of  water  evaporated  by 

the  products  of  combustion  per 

square  foot  of  grate  per  hour. 

Pounds  of  water  evaporated  per 

square  foot  of  heated  surface 

per  hour. 

1 

Square  feet  of  heated  surface 

to  1  square  foot  of  grate. 

Square  feet  of  heated  surface 

per  lb.  of  fuel  burnt  per  hour. 

Square  feet  of  heated  surface 

per  lb.  of  water  evaporated  per 

hour  from  its  initial  tempera¬ 

ture. 

Square  feet  of  heated  surface 

per  lb.  of  water  evaporated  per 

hour  from  212°. 

Square  feet  of  heated  surface 

per  cubic  foot  of  water  evapo¬ 

rated  per  hour  from  its  initial 
temperature. 

Square  feet  of  heated  surface 

per  cubic  foot  of  water  evapo¬ 

rated  per  hour  from  212°. 

lbs. 

cub.  ft. 

lbs. 

cub.  ft. 

lbs. 

cub.  ft. 

lbs. 

lbs. 

lbs. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

I. 

59510 

952.16 

2424.04 

38.78 

11.89 

21.31 

5.25 

33.66 

0.932 

36.11 

12.75 

1.205 

1.072 

74.67 

67.04 

II. 

80866 

1293.85 

3369.41 

53.91 

11.76 

21.08 

5.31 

48.13 

1.096 

43.88 

10.72 

1.022 

0.911 

63.94 

56.98 

II  * 

70188 

1123.0 

2896.72 

46.34 

11.82 

21.19 

5.28 

40.89 

1.014 

39.99 

11.73 

1.113 

0.991 

69.30 

62.01 

III. 

... 

... 

... 

... 

... 

... 

... 

... 

66.66 

9.52 

... 

... 

... 

... 

IV. 

... 

... 

... 

... 

... 

... 

... 

... 

30.00 

6.48 

... 

... 

... 

... 

V. 

30558 

488.93 

2910.29 

46.56 

10.32 

18.50 

6.05 

41.28 

6.396 

6.45 

1.61 

0.1759 

0.1563 

10.99 

9.77 

VI. 

27910 

446.56 

1367.46 

21.87 

6.73 

12.06 

9.27 

77.69 

4.273 

18.18 

1.57 

0.275 

0.234 

17.25 

14.63 

VII. 

19741 

315.85 

1590.70 

25.45 

9.79 

17.54 

6.38 

78.55 

4.970 

15.80 

1.97 

0.236 

0.201 

14.80 

12.57 

VIII. 

22075 

353.36 

2371.10 

39.00 

8.56 

15.36 

7.28 

85.44 

8.000 

10.70 

1.07 

0.143 

0.124 

9.00 

7.82 

IX. 

24913 

398.60 

2491.30 

37.95 

9.67 

17.33 

6.46 

89.77 

8.388 

10.70 

1.15 

0.135 

0.119 

8.48 

7.45 

X. 

25337 

405.39 

3167.12 

50.67 

9.60 

17.21 

6.50 

114.13 

10.663 

10.70 

0.900 

0.107 

0.093 

6.71 

5.86 

XI. 

38846 

621.53 

3884.60 

62.15 

9.63 

17.27 

6.48 

158.55 

7.448 

21.28 

1.294 

0.150 

0.134 

9.38 

8.39 

XII. 

43117 

689.88 

2269.35 

36.30 

7.82 

14.03 

8.00 

100.14 

6.577 

15.22 

1.189 

0.169 

0.152 

10.60 

9.50 

XIII. 

54116 

865.85 

2420.21 

38.72 

9.09 

16.29 

6.87 

59.75 

7.015 

8.51 

1.379 

0.159 

0.142 

10.00 

8.91 

XIII* 

32006 

512.11 

2445.23 

39.01 

8.86 

15.88 

7.15 

95.50 

7.166 

13.88 

1.315 

0.171 

0.149 

10.77 

9.39 

XIV. 

5980 

95.68 

5980.0 

95.68 

8.37 

15.00 

7.46 

170.36 

13.02 

13.08 

0.642 

0.0816 

0.0767 

5.10 

4,79 

XV. 

6569 

105.10 

4030.0 

64.48 

7.21 

12.92 

8.66 

573.25 

12.04 

47.59 

0.581 

0.096 

0.080 

6.02 

5.03 

XVI. 

3038 

48.60 

3038.0 

48.60 

5.17 

9.27 

12.07 

235.50 

24.48 

9.61 

0.211 

0.047 

0.040 

2.95 

2.55 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

PARTICULARS  OF  THE  PROPORTIONS  OF  HEATED 
SURFACE  TO  FUEL  BURNT,  AND  WATER 
EVAPORATED. 


48 


MR.  PARKES  ON  STEAM-BOILERS  AND  STEAM-ENGINES. 


RESULTS  of  an  ANALYSIS  of  the  influence  exerted  on  the  Evaporative  Economy,  and  Durability  of  the  Boilers, 

by  the  Time  occupied  in  generating  and  employing  the  Heat. 


COMPARATIVE  ECONOMY. 

DURABILITY. 

No.  of  experiment.  * 

Boilers. 

Rate  of  combustion  per  boiler. 

Water  evaporated  from  212°  by 

1  lb.  of  coal. 

Ratios  of  the  total  duration  of 

the  heat  in  the  boilers,  from 

equal  weights  of  coal ;  the  loco¬ 

motive,  unity. 

'  : 

Ratios  of  the  duration  of  equal 

amounts  of  heat,  about  equal 

areas  of  boilers. 

Comparative  loss  of  evapora¬ 

tive  effect,  the  Cornish  results 
being  unity. 

Comparative  gain  bf  evapora¬ 

tive  effect,  the  locomotive  re¬ 
sults  being  unity. 

Ratios  of  the  intensity  of  com¬ 

bustion  in  the  several  boilers 
to  that  in  the  locomotive,  each 

boiler  being  unity. 

Ratios  of  the  intensity  of  the 

calorific  action  on  the  parts  ex¬ 

posed  to  radiant  heat,  to  that  in 
the  locomotive,  each  boiler  be¬ 

ing  unity. 

1  lb.  coal  in 

Water. 

Locomotive 

Locomotive 

Loss 

Gain 

Ratios  to 

seconds. 

lbs. 

Unity. 

Unity. 

per  cent. 

per  cent. 

locomotive. 

locomotive. 

II* 

Cornish . 

44.08 

11.82 

155.00 

19.64 

0.00 

104.85 

1  to  23-10 

1  to  19.65 

V. 

Warwick . 

38.31 

10.32 

42.98 

2.69 

12.69 

79.02 

1  to  19.95 

1  to  16.83 

XIII  * 

Mean  Wagon . 

16.57 

8.83 

26.60 

2.63 

24.45 

53.03 

1  to  7-63 

1  to  7.34 

XV. 

Locomotive . 

6.45 

5.57 

0.00 

0.00 

51.18 

0-00 

0.00 

0.00 

48 

49 

50 

51 

52 

53 

54 
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Experiments.  NOTES. 

L — See  Mr.  Henwood’s  paper,  Transactions  of  the  Institution  of  C.  E.,  Vol.  II.  page  56.  The  additional  dimensions  of  the 
boilers,  not  found  in  Mr.  Henwood’s  paper,  were  afterwards  obtained  from  him. 

U* — The  particulars  of  these  boilers,  which  were  carefully  measured  by  the  resident  engineer,  were  supplied  to  me  by  Mr 
John  Taylor.  The  quantities  of  coal  and  water  are  reduced  from  8  months  to  the  consumption  of  24  hours,  from  Table 
II.  of  my  paper.  Vol.  II.  p.  174. 

III.,  IV. — See  Mr.  Henwood’s  paper,  p.  56. 

V.  — This  is  the  mean  (reduced  to  10|  hours,  or  the  period  of  an  actual  day’s  work)  of  6  complete  months’  registration  of  all 
the  coal  consumed,  and  water  evaporated  from  my  own  boilers  at  Warwick,  working  a  26  horse  steam-engine,  and  sup¬ 
plying  a  dye-house,  wash-house,  &c.  The  coal  is  the  entire  weight  burnt  off  the  grates,  raking  at  night,  and  all  waste 
included.  The  water  was  gauged  from  a  rectangular  reservoir,  holding  more  than  a  day’s  consumption,  and  includes 
all  waste,  except  that  required  to  refill  a  boiler  when  cleaned,  and  a  certain  quantity  which  was  blown  out  of  each 
boiler  every  night.  One  of  the  three  boilers  was  emptied  every  week,  the  water  being  very  foul ;  at  the  same  time 
the  dust  was  cleared  away  from  the  flue  bottoms,  and  the  sides  of  the  boilers  were  well  scoured  to  remove  the  soot. 
This  latter  operation  was  effectually  performed  by  dragging  backwards  and  forwards  a  stuffed  bag,  covered  on  the 
outside  with  coarse  woollen  cards,  and  fitting  pretty  tight  between  the  flue  wall  and  the  boiler.  By  numerous  trials  it 
was  found  that  the  incrustation  of  soot  impeded  the  absorption  of  heat  by  the  boilers  (and  consequently  increased  the 
consumption  of  fuel)  more  than  the  deposit  within  them,  which  was  considerable,  but  never  suffered  to  become 
indurated. 

VI. — The  sum  of  Experiments  2  and  3,  Table  I.  of  my  former  paper,  page  171. 

VII. — See  Experiment  5.  .  .  ditto  .  .  ditto  .  ditto. 

VIII. ,  IX.,  X. — See  Experiments  6,  7,  8  ditto  .  .  ditto. 

XI.  — Watt  and  Rennie,  ann.  1786.  (Farey  on  the  Steam-engine,  Vol.  I.  p.  511.) 

XII.  — The  sum  of  Experiments  9  and  10,  Table  I.  of  my  former  paper. 

XIII. — Ditto  .  .  .11,  12  and  13,  .  .  ditto. 

XIV. — Smeaton’s  Newcomen  engine,  an.  1772.  (Farey  on  the  Steam-engine,  Vol.  I.  p.  173.) 

XV.  Ihe  mean  of  11  experiments,  of  which  9  are  given  in  my  former  paper,  Table  III.,  p.  176.  (Pambour  on  Locomotive 
Engines,  pages  175.  320.) 

XVI.  — See  Wood  on  Railways,  3d  ed.,  pp.  333  and  521. 

N.B. —  Ihe  quantities  of  water  in  the  columns  of  evaporation  from  212°  have  been  obtained  from  the  real  quantitie 
which  entered  the  boilers  by  the  rule  and  table  given  in  my  former  paper,  pp.  178  and  179. 


London,  December,  1838. 


JOSIAH  PARKES. 
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Messrs.  Seaward.  William  Morgan,  Esq.  Messrs.  Hague. 

Robert  Napier,  Esq.,  Glasgow.  Messrs.  Flail,  Dartford.  Messrs.  Claude,  Girdwoord,  and  Co. 

Messrs.  Fairbairn  and  Murray.  Edward  Bury,  Esq.,  Liverpool. 


WORKS  PUBLISHED  BY  JOHN  WEALE, 


TREDGOLD  ON  THE  STEAM  ENGINE,  AND  ON  STEAM  NAVIGATION. 

LIST  OF  PLATES. 


1  to  20.  The  same  subjects  as  in  the  previous  edition,  with  several  corrections. 


NEW  PLATES. 


10  B.  The  several  Orders  of  Parallel  Motion. 

21.  Mr.  Kingston’s  Valves,  as  fitted  on  board 
Sea-going  Steam-vessels  for  Blow-off, 
Injection,  and  Hand  Pump  Sea  Valves. 

22.  Boilers  of  her  Majesty’s  Steam  Vessel  of 
War  African. 

23.  Boilers  of  her  Majesty’s  Steam  Vessel  of 
War  Medea. 

24.  Morgan’s  Paddle  Wheel  —  Seaward’s 
Paddle  Wheel. 

25.  Positions  of  a  Float  of  a  Radiating  Paddle 
Wheel  in  a  Vessel  in  Motion — Positions 
of  a  Float  of  a  Vertically  Acting  Wheel 
in  a  vessel  in  Motion. 

28.  Cycloidal  Paddle  Wheel  fitted  to  the 
Great  Western  Steam  Vessel,  by  Messrs. 
Maudslay,  Field  and  Co. — Position  of  a 
Float  of  a  Cycloidal  Paddle  Wheel. 

27.  Captain  Oliver’s,  R.N.,  Five  Points  from 
Courses  of  Sailing  a  Steam  Vessel. 

28.  Her  Majesty’s  Steam  Ship  of  War  Phoe¬ 
nix  sailing  at  Different  Points  in  the 
Wind.  4  views. 

29.  Trial  at  Sailing  her  Majesty’s  Steam 
Ship  of  War  Medea  against  the  Cale¬ 
donia,  Vanguard,  and  Asia. 


30.  Engine  of  the  Red  Rover,  Side  Eleva¬ 
tion,  and  Plan. 

31.  Longitudinal  Section  of  ditto. 

32.  Cross  Sections  ditto,  with  Paddles. 

33.  Side  Elevation  of  the  Engine  of  the 
Pasha  of  Egypt’s  Steam  Ship  Nile. 

34.  Plan  of  ditto,  with  Paddles. 

35.  Cross  Sections  ditto,  showing  Boilers 
and  Furnace. 

36.  Section  at  Paddle  Wheel  ditto. 

37.  Plan  of  Engine  of  her  Majesty’s  Steam 
Ship  of  War  Phcenix. 

38.  Side  Elevation  of  ditto. 

39.  Cross  Section  of  ditto,  showing  Paddles 
and  Construction  of  Ship. 

40.  Engine  of  the  Ruby  Steam  Vessel 
(Gravesend  Packet),  Plan  and  Elevation. 

41.  Section  of  one  of  the  Engines  of  the 
Don  Juan,  Peninsular  Company  Packet. 

42.  Boilers  of  her  Majesty’s  Ships  Hermes, 
Spitfire,  and  Firefly. 

43.  Plan  of  the  Engines  of  the  Imperial 
Russian  Steam  Ships  Jason  and  Colchis. 

44.  Section  of  ditto. 

45.  Longitudinal  Section  of  ditto. 

46.  Section  at  the  Shaft,  Section  abaft  Boilers, 
ditto. 


MARINE  ENGINES  FITTED  WITH  MR.  SAMUEL  HALL’S  PATENT 
CONDENSERS. 


47.  Elevation  of  Mr.  Samuel  Hall’s  Patent 
Condensing  Engines  of  the  St.  George 
Steam  Packet  Company’s  Vessel  Hercu¬ 
les,  made  by  Messrs.  Fawcett  and 
Preston. 

48.  Section  of  ditto. 

49.  Elevation  of  the  Engine  of  her  Majesty’s 
Steam  Ship  Megsera,  fitted  with  Messrs. 

Seaward’s  Engines  and  Mr.  Samuel 
Hall’s  Condensers. 

50.  Section  of  ditto. 

51.  Messrs.  Hall’s,  of  Dartford,  Engines  of 

WITHOUT  MR.  SAMUEL  HALL’S  PATENT  CONDENSERS. 

55  A.  Messrs.  Hall’s,  of  Dartford,  Patent  57.  Messrs.  Fairbairn  and  Murray’s  Engine 

of  Twenty  Horse  Power.  Plan. 


the  William  Wilberforce,  Hull  and  Lon¬ 
don  Packet,  fitted  with  Mr.  Samuel 
Hall’s  Condensers.  Plan. 

52.  Elevation  of  ditto. 

53.  Cross  Section  of  ditto. 

54.  Longitudinal  Section  of  ditto. 

55.  Elevation  of  the  Engines  of  the  St.  George 
Steam  Packet  Company’s  Ship  Tiger, 
fitted  with  Mr.  Edward  Bury’s  Engine 
and  Mr.  Samuel  Hall’s  Condensers.  See 
plates  111  and  112. 


Engines,  fitted  in  the  Steam  Packet 
Dartford. 

55  B.  Ditto,  Plan.  Elevation  ditto. 

56  A.  Cross  Section  ditto.  Longitudinal 

Section  ditto. 

56  B.  Ditto.  Ditto. 


58.  Ditto  Section. 

59.  Ditto  Front  Elevation  and  Back  Eleva- 
'  tion. 

60.  Messrs.  Fairbairn  and  Co.’s  Ten  Horse 
Power  Engine.  Elevation. 


73.  Ayre’s  Contrivance  for  Preventing  a  Lo¬ 
comotive  Engine  from  Running  off  a 
Railway. 

74  to  83  A.,  83  B.,  83  C.  Very  elaborate  Dia¬ 
grams,  Sections  of  Paddle  Wheels  of 
various  Inventions  and  Uses.  The  subject 
much  amplified,  and  described  by  A.  A. 
Mornay,  Esq.  The  Plates  are  drawn 
out  to  a  large  Scale. 

84.  Messrs.  Maudslay  and  Field’s  65-inch 
Cylinder  Engine,  erected  at  Chelsea 
Water-works,  Elevation. 

85.  Plan,  Section  ditto. 

86.  Sections  ditto. 

87.  Boilers  of  ditto. 

88.  Details  ditto. 

89.  A  very  elaborately  Shaded  Elevation  of  a 
Locomotive  Engine,  made  by  Messrs. 
Stephenson,  of  Newcastle,  for’ the  Lon¬ 
don  and  Birmingham  Railway. 

90.  Longitudinal  Section  ditto. 

91.  Cross  Sections  ditto. 

92.  Plan,  details  ditto. 

ARCHITECTURE. 

101.  Upper  and  Lower  Decks  of  ditto. 

102.  Sections  of  ditto. 

103.  View  of  ditto  at  Sea,  off  Athens. 

104.  Draught,  Bottom,  and  Profile  of  Steam 
Vessel  of  War  (Egyptian)  the  Nile. 

105.  Decks  of  Ditto. 

106.  Sections  of  ditto. 

107.  Sections,  Details  of  ditto. 

108.  Draught,  Bottom,  and  Profile  of  his  Im¬ 
perial  Majesty’s  Armed  Steam  Vessels 
Colchis  and  Jason. 

109.  Decks  of  ditto. 

110.  Views  of  ditto  at  Sea. 

111.  The  Tiger  (St.  George’s  Company)  En¬ 
gines,  Elevation. 

Ill  A.  Ditto,  Section. 

112.  Draught,  &c.,  of  the  Firebrand,  from 
the  Drawing  of  James  H.  Lang,  Esq. 

113.  Portrait  of  the  late  Mr.  Watt. 

114.  Portrait  of  the  late  Mr.  Tredgold. 


61.  Plan.  Sectional  Plan. 

62.  Sectional  Elevation. 

63.  Cross  Sectional  Elevation. 

64.  Elevation  of  a  Locomotive  Engine,  ma¬ 
nufactured  by  Messrs.  Stephenson,  of 
Newcastle,  for  the  Stanhope  and  Tyne 
Railway. 

65.  Longitudinal  Section  of  ditto. 

66.  Spring  and  Balance  Safety  Valves. 

67  A.  Cyclinder  Cover  and  Connecting 

Rods. 

67  B.  Piston  and  Cylinder. 

68.  Boiler  Seating  of  20-horse  Engine,  at  the 
manufactory  of  Messrs.  Whitworth  and 
Co.,  Manchester. 

69.  Messrs.  Hague’s  Double  Acting  Cylinder, 

Slides,  Sections,  & c. 

70  A.  Side  Elevation  of  the  Engine  made  by 
Mr.  Napier,  of  Glasgow,  for  the  Bere¬ 
nice,  Hon.  East  India  Company’s  Armed 
Steamer. 

70  B.  Cross  Section  ditto. 

71.  Mr.  Beale’s  Rotary  Engine,  Elevations. 

72.  Ditto,  Sections. 

STEAM  NAVAL 

93.  The  Comet,  the  first  Steam-boat  in 
Europe,  constructed  by  Mr.  Henry  Bell, 
of  Glasgow,  for  the  Clyde  River. 

94.  View  of  the  Pasha’s  Steam  Vessel  of 
War,  the  Nile,  at  Sea — in  the  Nile. 

95.  View  of  the  Hon.  East  India  Company’s 
Steam  Vessel  Berenice,  at  Sea,  off  Bom¬ 
bay. 

96.  Sheer  Draught  and  Lines  of  Bottom  of 
ditto. 

97.  The  Draught  of  the  Forbes  Steamer, 
constructed  at  Calcutta  by  Alexander 
Henderson,  Esq. — Chinese  Rigged. 

98.  Herne  Bay  Steam  Packet  Red  Rover — 

Draught,  Bottom,  and  Plan  of  Deck. 

99.  Diamond  Company’s  Gravesend  Steam 
Packet  Ruby — Draught,  Bottom,  Plan  of 
Deck,  and  Profile. 

100.  Draught,  Profile,  and  Bottom  of  her 
Majesty’s  Steam  Vessel  of  War  the 
Medea. 

AMERICAN  STEAM  NAVIGATION. 

115.  Thirty  horse  power,  low  pressure  (Ed-  United  States’  Steam  Frigate  of  War, 

ward  Anthony,  1838)  Engine  for  a  Boat.  Fulton. 

116.  Draught  of  the  Water  lines  of  the  117.  View  of  ditto. 


In  all  125  plates,  in  sizes  of  single,  double,  treble,  and  quadruple  of  the  book. 
***  Such  persons  as  prefer  the  Plates  printed  on  Atlas  size,  can  have  them  upon  application,  by  paying  the  extra  cost. 


2. 

Shortly  will  be  published,  in  one  vol.  8vo.  with  several  Plates, 

AN  ATTEMPT  TO  DEVELOP  THE  LAW  OF  STORMS, 

By  means  of  facts  arranged  according  to  place  and  time ;  and  hence  to  point  out  a  cause  for  the  VARIABLE  WINDS,  with  a  view  to  practical  use 

in  NAVIGATION. 

By  Lieutenant-Colonel  W.  REID,  of  the  Royal  Engineers. 

“  The  business  commenced  by  the  reading  of  a  short  paper  ‘  On  Storms,'  by  Lieut.-Col.  Reid,  of  the  Engineers,  with  occasional  comments,  viva  voce,  in 
which  he  brought  forward  and  unfolded  one  of  those  subjects  which  will  make  the  meetings  of  the  British  Association  memorable  in  the  annals  of  science. 
Its  importance  in  every  point  of  view  cannot  be  over-rated. — The  paper  was  heard  throughout  with  much  applause,  and  at  its  close  the  same  sentiment  was 
loudly  expressed.  Sir  John  Hersehel  spoke  highly  in  commendation  of  Col.  Reid’s  paper,  and  of  the  important  consequences  to  which  the  further  investigation 
of  the  subject  and  the  accumulation  of  data  must  lead.” — Literary  Gazette,  Aug.  25,  1838.  Report  of  the  Meeting  of  the  British  Association  at  Newcastle. 


3. 

TRANSACTIONS  OF  THE  INSTITUTION  OF  CIVIL  ENGINEERS, 

Vol.  2,  4to.,  uniform  with  the  first  volume :  23  engraved  Plates,  by  the  best  artists.  Price  £1  8s. 

The  following  are  some  of  the  public  works  and  original  communications  contained  therein  : 

The  Tewkesbury  Severn  Bridge,  designed  by  Thomas  Telford  (three  Plates.)  Wooden  Bridge  over  the  Calder  (Plate).  By  W.  Bull,  Assoc.Inst.C.E. 

By  W.  Mackenzie,  M.Inst.  C.E.  River  Scouring  Machine  (Plate).  By  W.  B.  Hays,  Assoc.Inst.C.E. 

The  Torpoint  Floating  Bridge  (five  Plates).  By  James  M.  Rendel,  M.Inst. C.E.  Experiments  on  the  Strength  of  Cast  Iron  (three  Plates).  By  Francis 
Drops  at  South  Shields  (two  Plates).  By  Thomas  E.  Harrison,  M.Inst.C.E.  Bramah,  M.Inst.C.E. 

The  Youghal  Bridge,  designed  by  A.  Nimrno  (two  Plates).  By  John  E.  Experiments  on  the  Strength  of  American  Timber.  By  Lieutenant  Denison, 
Jones,  Assoc.Inst.C.E.  R.E.,  Assoc.Inst.C.E. 

Lifts  on  the  Grand  Western  Canal  (three  Plates).  By  James  Green,  M.Inst.C.E.  Experiments  on  the  Power  of  Men.  By  Joshua  Field,  V.P.Inst.C.E. 
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On  a  Method  of  Making  perfect  Spheres  of  Metal,  Stone,  &c.  By  Henry  Guy. 
On  the  Construction  of  Railways  of  continuous  bearing  (one  Plate).  By  John 
Reynolds,  Assoc.Inst.C.E. 

On  the  Application  of  Steam  as  a  Moving  Power.  By  G.  H.  Palmer, 
M.Inst.C.E. 

On  the  Expansion  of  Steam  in  some  of  the  Cornish  Engines.  By  W.  J. 
Henwood. 

On  the  Effective  Power  of  the  High  Pressure  Expansive  Condensing  Engines. 
By  Thomas  Wicksteed,  M.Inst.C.E. 


On  the  Teeth  of  Wheels.  By  Professor  Willis,  Hon.M.Inst.C.E. 

On  a  Reciprocating  Light  for  Light-houses.  By  J.  T.  Smith,  Captain  Madras 
Engineers,  Assoc.Inst.C.E. 

On  the  Evaporation  of  Water  for  the  Boilers  of  Steam  Engines.  By  Josiah 
Carter,  M.Inst.C.E. 

On  Certain  Power  of  Locomotive  Engines.  By  Edward  Wood. 

Experiments  on  the  Flow  of  Water  through  Pipes.  By  N.  S.  Provis, 
M.Inst.C.E. 


LIST  OF  PLATES. 


TEWKESBURY  BRIDGE. 

1 .  General  Plan  and  Elevation  of  the  Bridge.  Experiments  on  American  Timber,  and 

2.  Details  of  the  Stone  Work.  of  Mr.  Henwood’s  Paper  on  the  Cornish 

3.  Ditto,  Iron  Work.  Engines. 

4.  Diagrams  illustrative  of  Lieut.  Denison’s 

DROPS  AT  SOUTH  SHIELDS. 

T.  E.  HARRISON,  M.INST.C.E. 

5.  Elevation  and  Sections  of  the  Drops.  8.  Plan,  Elevation,  and  Details  of  the 

6.  General  Plan  and  Details.  Wooden  Bridge  over  the  Calder.  By 

7.  Plans  and  Sections  illustrative  of  Mr.  Wm.  Bull. 

Reynolds’s  Paper  on  Railways  of  Con-  Q.  Diagrams  illustrative  of  Professor  Willis’s 
tinuous  Bearing.  Paper  on  the  Teeth  of  Wheels. 

EXPERIMENTS  ON  CAST  IRON. 

FRANCIS  BRAMAH,  M.INST.C.E. 

10.  Plan,  Elevation,  and  Section  of  the  Prov-  11  and  12.  Plans  and  Sections  of  the  Beams, 
ing  Machine  for  Experimental  Beams. 


THE  YOUGHALL  BRIDGE. 

J.  E.  JONES. 

13.  Perspective  View  of  the  Bridge  and  15.  Elevation,  Plan,  and  Section  of  the  Ma- 

Ground  Plan.  chine  for  Cleaning  Small  Rivers. 

14.  Details. 

CANAL  LIFTS. 

JAMES  GREEN,  M.INST.C.E. 

16.  Plan  of  the  Lifts.  18.  End  Elevation. 

17.  Side  Elevation. 

THE  TORPOINT  FLOATING  BRIDGE. 

19.  Plan  and  Section  of  the  River.  22.  End  View  without  the  Drawbridge,  and 

20.  Side  Elevation  and  Plan  of  the  Bridge,  Transverse  Section  through  the  Centre. 

21.  Longitudinal  Section  through  the  Centre,  23.  Longitudinal  Section  and  Plan,  showing 

and  Plan  showing  the  Beams  and  Timbers  the  Machinery. 

which  carry  the  Deck. 


4. 


PUBLIC  WORKS  OF  GREAT  BRITAIN; 

CONSISTING  OF 


Railways,  Rails,  Chairs,  Blocks,  Cuttings,  Embankments,  Tunnels,  Oblique  Arches,  Viaducts,  Bridges,  Stations,  Locomotive 
Engines,  &c. ;  Cast-Iron  Bridges,  Iron  and  Gas  Works,  Canals,  Lock-gates,  Centering,  Masonry  and  Brickwork  for  Canal  Tunnels ; 
Canal  Boats,  the  London  and  Liverpool  Docks,  Plans  and  Dimensions,  Dock-gates,  Walls,  Quays,  and  their  Masonry ;  Mooring- 
chains,  Plan  of  the  Harbour  and  Port  of  London,  and  other  important  Engineering  Works,  with  Descriptions  and  Specifications ; 
the  whole  rendered  of  the  utmost  utility  to  the  Civil  Engineer  and  to  the  Nobility  and  Gentry,  as  monuments  of  the  useful  arts  in 
this  country,  and  as  examples  to  the  Foreign  Engineer. 


Edited  by  F.  W.  SIMMS,  C.E. 

153  Plates,  engraved  in  the  best  style  of  art,  half-bound,  very  neat,  Price  £4  4s. 

This  work  is  on  an  imperial  folio  size,  the  Drawings  and  Engravings  have  been  executed  by  eminent  Artists,  and  no  expense 
has  been  spared  in  rendering  it  highly  essential  to  the  Civil  Engineer  and  Student ;  also,  as  an  ornamental  volume  of  Practical 
Representations  of  important  Engineering  Works  in  several  parts  of  the  kingdom.  The  work  is  bound  in  half-morocco.  There 
are  some  Plates  in  the  volume  that  may  be  preferred  in  Colours,  viz.,  the  elaborate  subject  of  the  Blisworth  Cuttings  in  the 
Birmingham  Rail  Line,  18  Plates,  geologically  coloured;  Glasgow  and  Gairnkirk  Railway  Cutting  through  Moss,  geologically 
coloured ;  the  Plan  and  Map  of  the  Port  of  London,  showing  its  docks,  wharfs,  manufactories,  steam  engines,  and  iron  works,  &c. 
making  21  Plates,  to  be  carefully  coloured,  and  for  which  an  additional  £1  will  be  charged. 

THE  FOLLOWING  IS  A  NUMERICAL  LIST  OF  THE  PLATES, 


1. 

2. 

3. 

4. 

5. 

6. 

7- 


10. 

11. 

12. 

13. 

14. 

15. 

16. 


COMPRISING  THE  ENGINEERING  WORKS  OF 
Brindley  Hosking  Palmer 

Brunei  Jessop  Rennie 

Buck  Landmann  Rhodes 

George  and  Robert  Stephenson  M‘Adam  Telford 


Thomas 
Tierney  Clark 
Walker 


LONDON  AND  BIRMINGHAM  RAILWAY. 


GREAT  WESTERN  RAILWAY. 


ROBERT  STEPHENSON,  ESCl.,  C.E. 


London  Entrance  to  Primrose-hill  Tunnel. 
Engine  Station  for  Hot  Water,  Wat¬ 
ford. 

Chimneys  at  Camden-town. — Fixed  En¬ 
gine  Station. 

Grand  Entrance,  Euston-square. 

Plan  of  Euston-square  Station. 
Under-ground  Work  and  Chimneys, 
Camden-town. 

Passenger  Roof,  Euston  Station. 
Stanhope-place  and  Park-street  Bridges. 
Iron  Bridge  over  Regent’s  Canal. 

Details  of  ditto. 

Bridge — View  of  Harrow  in  the  Distance. 
Bridge  near  Watford. 

Bridge  over  Railroad  at  Watford. 
Viaduct  over  Colne,  near  Watford. 
Bridge  over  Excavation,  South  of  Wat¬ 
ford  Tunnel. 

Boxmoor  Skew  Bridge. 


17  and  18.  Sections  of  Primrose-hill  and 
North  Church  Tunnels. 

19.  Architectural  Front  of  Further  Entrance. 

20  to  29.  Working  Sections  of  Embankments 
and  Cuttings  on  the  Line  near  Blisworth. 

30  and  31.  Undersetting  Rock  at  Blisworth 
(Large  Scale). 

32  and  33.  Retaining  Walls,  Details,  &c., 
ditto. 

34  and  35.  Undersetting  ditto. 

36  and  37.  West  End  of  Blisworth  Cutting, 

38.  Kilsby  Tunnel — Elevation  of  Entrance. 

39.  Ditto  Section,  Details,  &c. 

40  to  47.  Ditto,  ditto,  ditto. 

48.  Rails,  fifty  pounds  weight. 

49.  Ditto,  sixty-five  pounds  weight. 

50.  Mr.  Buck’s  Chairs. 

51.  Plans  of  Crossings  from  one  Line  to  an¬ 
other. 

52.  Turnrails. 

53.  First  Class  Carriages. 


54  to  56.  Brent  Viaduct. 


J.  K.  BRUNEL,  ESa.,  C.E. 

57  and  58.  Maidenhead  Bridge. 


SOUTHAMPTON  RAILWAY. 

G.  LOCK,  ESQ.,  C.E. 

59.  Occupation  Bridge  over  Railway.  63.  Bridge  under  Railway. 

60  and  61.  Ditto  Bridge  under  ditto.  64.  Earth  and  Timber  Waggons. 

62.  Embankment. 

GREENWICH  RAILWAY. 

COL.  LANDMANN,  C.E. 

65.  Neckinger  Viaduct.  68.  Section  of  ditto. 

66.  Section  of  ditto.  69  and  70.  Viaducts  and  Oblique  Arches. 

67.  Spa  Road  Viaduct. 

CROYDON  RAILWAY. 

JOS.  GIBBS,  ESa.,  C.E. 

71  and  72.  New  Cross  Bridge — Section  of  bankments,  Earth  Carriage,  and  De- 
Rails,  and  Continuous  Bearing — Em-  tails. 
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WORKS  PUBLISHED  BY  JOHN  WEALE, 


THAMES  AND  BRISTOL  JUNCTION  RAILWAY. 
W.  HOSKING,  ESCb,  C.E. 

73  and  74.  Tunnels,  Bridges,  Rails,  Chairs,  Details,  Foundations,  &c. 

GLASGOW  AND  GAIRNKIRK. 

MESSRS.  MILLER  AND  GRAINGER,  EDINBURGH,  C.E. 


75.  Transverse  Section  at  Robroyston,  Moss, 
&c. 

76.  Comparison  of  Rails  of  different  Railways . 

77.  Comet,  Locomotive  Engine,  on  New¬ 
castle  and  Carlisle  Railway. 

78.  Stephenson’s  Engine,  Harvey  Combe,  on 


84.  Section  Thames  and  Medway  Canal. 

85.  Transit  Instruments  for  ditto. 

86.  Tunnel  Entrance  and  Cross  Section  ditto. 

87.  Tide  Locks  ditto. 

88.  Gates,  &c.,  ditto. 

89.  Centering  ditto. 

90.  Passing  Place  ditto. 

91.  Perspective  View  ditto. 

92.  Harecastle  Tunnel. 


Birmingham  Railway. 

79-  Waggon. 

80.  Flat  Rails. 

81.  Losh,  Wilson,  and  Bell’s  Rail. 

82.  Ditto  Hetton  Rail. 

83.  Sidelings. 


93.  Montgomeryshire  Canal.  G.  Buck,  Esq., 
C.E. 

94.  Gloucester  and  Berkeley  Canal.  T.  Tel¬ 
ford,  Esq.,  C.E. 

95  to  97.  Fishmongers’ Hall  Wharf.  Sir  J. 

Rennie,  C.E. 

98.  Deptford  Pier. 

99  to  101.  High  Bridge  (cast-iron),  Stafford¬ 
shire. 


102.  Double-turning  Bridge.  R.  Walker, 
Esq.,  C.E. 

103  and  104.  Road  Bridges. 

105.  Birmingham  and  Liverpool  Canal. 

106.  Lock  with  Single  Gate  ditto. 

107.  Gates  and  Valves  ditto. 

108.  Racks  and  Pinions  ditto. 

109.  Double  Valve  ditto. 

110.  Lever  Valve,  Rochdale  Canal. 

111.  Mersey  and  Irwell  Boats. 

112.  Grand  Trunk  Boat. 

113  and  114.  Highgate  Road.  J.  Macneill, 


132.  Plan  of  Port  and  Harbour. 

133.  Hemisphere,  with  London  in  the  centre, 
showing  the  advantages  of  its  commercial 
position. 

134.  London  Bridge. 

135.  Plan  of  St.  Katharine  Docks. 

136.  Gates  of  ditto. 

137.  Plan  of  Gates  ditto. 

138.  Anchor  for  the  Collar  of  Heel  Post  and 
Lock  Gates  ditto. 

139.  Cast  Iron  Swivel  Bridge,  St.  Katharine 
Docks. 

140.  Plan  of  London  Docks. 

141.  Front  Elevation  of  Lock  Gates,  London 
Docks. 


Esq.,  C.E. 

115.  Geese  Bridge  Valley. 

116,  117,  and  118.  Roads,  Culverts,  &c. 

119.  Coke  Ovens. 

120.  Coking  Coal. 

121  and  122.  Blast  Furnace. 

123.  Lift  Hammer. 

124  to  127.  Steel  Furnaces. 

128.  Mine  ditto. 

129  and  130.  Gas  Works.  William  Richard¬ 
son,  Esq.,  C.E.,  Dudley. 

131.  Liverpool  Docks. 


142.  Back  ditto  ditto. 

143.  Details  ditto  ditto. 

144.  Plan  of  West  India  Docks. 

145.  Plan  of  East  India  ditto. 

146.  Entrance  of  Lock-gate  ditto. 

147.  Plan  of  Commercial  Docks. 

148.  New  Mooring  Chain  Lighter. 

149.  Plan  of  the  Moorings,  Deptford 
Reach. 

150.  Plan  of  Mooring  Chain— -18  Links,  1 
Swivel,  and  2  Shackles,  &c. 

151.  Mooring  Ships. 

152.  Section  of  River. 

153.  Coffer-dams. 


CANALS. 

W.  T.  CLARK,  ESR.,  C.E. 


PORT  OF  LONDON. 
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Engineers* 

PAPERS  ON  SUBJECTS  CONNECTED  WITH  THE  DUTIES  OF  THE  CORPS  OF  ROYAL 

ENGINEERS. 

Vol.  1,  4to.,  with  several  Plates,  Price  16s. 
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PAPERS  ON  SUBJECTS  CONNECTED  WITH  THE  DUTIES  OF  THE  CORPS  OF  ROYAL 

ENGINEERS. 

Just  published,  vol.  2,  with  several  Plates,  Price  £1. 

CONTENTS. 


i.  On  Intrenchments  as  Supports  in  Battle,  and  on  the  Necessity  of  Com¬ 
pleting  the  Military  Organization  of  the  Royal  Engineers.  By  Lieutenant- 
Colonel  Reid,  Royal  Egineers. 

ii.  Notes  on  the  Charges  of  Military  Mines.  By  Lieutenant  Denison,  Royal 
Engineers. 

hi.  Account  of  the  Demolition  of  the  Glaciere  Bastion  at  Quebec,  in 
1828. 

iv.  Memoranda  on  the  Demolition  of  the  South  Face  of  Fort  Schulemberg, 
Corfu.  By  Major  Marshall,  Royal  Engineers. 

v.  A  short  Account  of  the  Demolition  of  the  Piers  of  the  Entrance  Chamber 
of  the  large  Basin  at  Flushing,  in  1809.  By  Colonel  Fanshawe,  Royal 
Engineers. 

vi.  Extract  of  a  Letter  from  Colour-Sergeant  Harris,  Royal  Sappers  and 
Miners,  to  Colonel  Pasley,  Royal  Engineers,  giving  an  Account  of  the 
Mode  in  which  a  Stranded  Ship  was  blown  to  pieces. 

vii.  Notes  on  the  Formation  of  Breaches  by  Artillery,  containing  an  Abstract 
of  the  Experiments  at  Metz,  and  an  Account  of  the  Practice  against  Car¬ 
not’s  Wall  at  Woolwich.  By  Lieutenant  Denison,  Royal  Engineers. 

viii.  Memoir  on  the  Fortifications  in  Western  Germany,  from  Observations 
made  in  the  years  1830  and  1831.  By  Lieutenant-Colonel  Blanshard, 
Royal  Engineers. 

ix.  On  Contoured  Plans  and  Defilade.  By  Lieutenant  Harness,  Royal 
Engineers. 

x.  Report  on  the  Manchester,  Cheshire,  Staffordshire,  and  the  South  Union 
Lines  of  Railway  (by  order  of  the  Master-General  and  Board  of  Ordnance). 
By  Captain  Alderson,  Royal  Engineers. 

xi.  Rideau  Dams.  By  Lieutenant  Denison,  Royal  Engineers. 

xii.  A  Memorandum  of  the  Manner  in  which  the  several  Repairs  of  the 
Chain-Pier  at  Brighton  have  been  executed,  together  with  some  Reflections 
on  its  Construction  and  Durability.  By  Major  Piper,  Royal  Engineers. 


xiii.  Further  Observations  on  the  Moving  of  the  Shingle  of  the  Beach  along 
the  Coast.  By  Lieutenant-Colonel  Reid,  Royal  Engineers. 

xiv.  Coast  Defences  in  Holland.  By  Captain  Sandham,  Royal  Engineers. 

xv.  On  Hurricanes.  By  Lieutenant-Colonel  Reid,  Royal  Engineers. 

xvi.  On  the  Fact  of  Small  Fish  falling  during  Rain  in  India.  By  Captain 
C.  W.  Grant,  Bombay  Engineers. 

xvii.  Instructions  for  Making  and  Registering  Meteorological  Observations 
at  various  Stations  in  Southern  Africa,  and  other  Countries  in  the  South 
Seas,  as  also  at  Sea.  By  Sir  John  F.  Herschel,  K.H.,  F.R.S. 

xviii.  On  the  Construction  of  Barracks  for  Tropical  Climates.  By  Captain 
Smyth,  Royal  Engineers. 

xix.  Memorandum  relative  to  a  System  of  Barracks  for  the  West  Indies, 
recommended  by  Colonel  Sir  C.  F.  Smith,  C.B.,  R.E.,  and  approved  by  the 
Master-General  and  Board  of  Ordnance.  By  Captain  Brandreth,  Royal 
Engineers. 

xx.  Description  of  Barracks  at  Lucea,  in  Jamaica. 

xxi.  Memorandum  with  reference  to  the  accompanying  Sketches  of  the 
Officers’  Barracks  erected  at  George  Town,  Demerara.  By  Mr.  Cuming, 
Clerk  of  Works,  R.  E.D.,  Cork. 

xxii.  Captain  Sandham’s  Mode  of  Curing  or  Improving  Smoky  Chimneys ; 
with  Remarks  also  on  Count  Rumford’s  System,  &c.  Communicated  by 
Colonel  Pasley,  C.B.,  Royal  Engineers. 

xxiii.  Notes  on  Concrete.  By  Lieutenant  Denison,  Royal  Engineers. 

xxiv.  Extract  of  a  Paper  on  a  Reflecting  Level,  invented  by  Lieut.-Col. 
Burel,  du  Corps  du  Genie.  (From  the  ‘  Memorial  du  Genie.’)  Translated 
by  Lieutenant  Yolland,  Royal  Engineers. 

xxv.  Memorandum  on  Paving  Stables.  By  Captain  Alderson,  Royal  En¬ 
gineers. 

xxvi.  A  Method  of  taking  Perspective  outlines  from  Nature.  By  Samuel 
B.  Howlett,  Esq.,  Chief  Draftsman,  Ordnance. 
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7. 

SKETCH  OF  THE  CIVIL  ENGINEERING  OF  NORTH  AMERICA. 

Comprising  Remarks  on  the  Harbours,  River  and  Lake  Navigation,  Light-houses,  Steam-navigation,  Water-works,  Canals, 

Roads,  Railways,  Bridges,  and  other  works  in  that  country. 

By  DAVID  STEVENSON,  Civil  Engineer. 

CONTENTS. 


Chap.  I. — Harbours.  Natural  facilities  for  the  formation  of  Harbours  on 
the  American  Coast — Tides — Construction  of  Quays  and  Jetties — Cranes 
— Graving  Docks — Screw  Docks — Hydraulic  Docks — Landing  Slips,  &c. — 
New  York — Boston — Philadelphia — Baltimore — Charleston — New  Orleans 
— Quebec — Montreal — Halifax. 

Chap.  II. — Lake  Navigation.  Great  Western  Lakes — Ontario — Erie — 
Huron  —  Michigan  —  Superior — Welland  Canal — Lake  Harbours — Con¬ 
struction  of  Piers,  Break-waters,  &c. — Buffalo — Erie — Oswego — Toronto — 
Kingston — Vessels  employed  in  Lake  Navigation,  &c. — Lake  Champlain. 

Chap.  III. — River  Navigation.  The  sizes  and  courses  of  the  North 
American  Rivers  influenced  by  the  Alleghany  and  Rocky  Mountains — 
Rivers  flowing  into  the  Pacific  Ocean — Rivers  flowing  into  the  Gulf  of  St. 
Lawrence — River  St.  Lawrence — Lakes,  Rapids,  and  Islands  on  the  River 
— Lachine  Canal — St.  Lawrence  Canal — The  Ottowa — Rideau  Canal  — 
Towing  vessels  on  the  St.  Lawrence — Tides — Freshets — Pilots,  &c. — Rivers 
rising  on  the  east  of  the  Alleghany  Mountains,  and  flowing  into  the  Atlantic 
Ocean,  and  north-east  corner  of  the  Gulf  of  Mexico — The  Connecticut — 
Hudson — Delaware — Susquehanna — Patapsco — Potomac,  &c. — Mississippi 
and  its  tributaries — The  Yazoo — Ohio  —  Red  River — Arkansas — White 
River — St.  Francis — Missouri — Illinois,  &c. —  State  of  the  Navigation — 
“  Rafts” — Construction  of  Vessel  for  removing  “  Snags,”  &c.,  &c. 

Chap.  IV. — Steam  Navigation.  Introduction  of  Steam  Navigation  into 
the  United  States — Difference  between  the  Steam  Navigation  of  America 
and  that  of  Europe — Three  classes  of  Steamers  employed  in  America — 
Eastern  Water,  Western  Water,  and  Lake  Steamers — Characteristics  of 
these  different  classes —  Steamers  on  the  Hudson  —  Dimensions  of  the 
“  Rochester  ” — Construction  of  the  Hulls  of  the  American  Vessels — Ar¬ 
rangement  of  the  Cabins — Engine  Framing — Engines — Beams — Mode  of 
Steering — Rudder — Sea-Boats — Dimensions  of  the  “  Naragansett” — Cabins 
— Engines — Paddle  Wheels — Boilers — Maximum  speed  of  the  “  Rochester” 
— Tower  of  tlic  Engines — Mississippi  Steamers  —  Tlicir  arrangement— 
Engines — Boilers — Lake  Steamers — St.  Lawrence  Steamers — Explosions  of 
Steam-Boilers — Table  of  the  Dimensions  of  several  American  Steamers. 

Chap.  V. — Fuel  and  Materials.  Fuel  used  in  Steam  Engines  and  for 
domestic  purposes — Wood — Bituminous  Coal — Anthracite  Coal — Pennsyl¬ 
vanian  Coal  Mines — Boilers  for  the  combustion  of  Anthracite  Coal— Build¬ 
ing  Materials — Brick — Marble — Marble  Quarries  of  New  England  and 
Pennsylvania — Granite — Timber — Mode  of  conducting  the  “Timber  Trade” 
— “  Booms ’’—Rafts  on  the  St.  Lawrence,  and  on  the  Rhine  —  Woods 
chiefly  used  in  America — Live  Oak — White  Oak — Cedar — Locust — Pine — 
“  Shingles  ” — Dimensions  of  American  Forest  Trees. 

Chap.  VI. — Canals.  Internal  Improvements  of  North  America — Great  ex¬ 
tent  of  the  Canals  and  Railways — Introduction  of  Canals  into  the  United 
States  and  Canada- — Great  length  of  the  American  Canals — Small  area  of 
their  Cross  Sections — North  Holland  Ship  Canal — Difference  between 


American  and  British  works — Use  of  Wood  very  general  in  America — 
Wooden  Canal-Locks,  Aqueducts,  &c. — Artificial  navigation  of  the  country 
stopped  by  ice — Tolls  levied,  and  mode  of  travelling  on  the  American 
Canals — Means  used  in  America  for  forming  water-communications — Slack- 
water  navigation  on  the  River  Schuylkill,  &c.  —  Construction  of  Dams, 
Canals, — Locks — Erie  Canal — Canal  Basin  at  Albany — Morris  Canal — In¬ 
clined  Planes  for  Canal  lifts,  &c. 

Chap.  VII. — Roads.  Condition  of  the  American  Roads — “  Corduroy  Roads” 
— Road  from  Pittsburg  to  Erie — New  England  Roads — The  “National 
Road  ” — The  “  Macadamized  Road  ” — City  Roads — Causewaying  or  Pitch¬ 
ing — Brick  Pavements — Macadamizing — Tessellated  wooden  Pavements  used 
in  New  York  and  in  St.  Petersburgh. 

Chap.  VIII. — Bridges.  Great  Extent  of  many  of  the  American  Bridges — 
Different  Constructions  adopted  in  America — Bridges  over  the  Delaware  at 
Trenton,  the  Schuylkill  at  Philadelphia,  the  Susquehanna  at  Columbia,  the 
Rapids  at  the  Falls  of  Niagara,  &c. — Town’s  “  Patent  Lattice  Bridge  ” — 
Long’s  “  Patent  Truss  Bridge.” 

Chap.  IX. — Railways.  European  Railways — Introduction  of  Railways  into 
the  United  States — The  European  construction  of  Railways  unsuitable  for 
America — Attempts  of  the  American  Engineers  to  construct  a  Railway  not 
likely  to  be  affected  by  frost — Constructions  of  the  Boston  and  Lowell, 
New  York  and  Paterson,  Saratoga  and  Schenectady,  Newcastle  and  French- 
town,  Philadelphia  and  Columbia,  Boston  and  Providence,  Philadelphia  and 
Norristown,  New  York  and  Haerlem,  Buffalo  and  Niagara,  Camden  and 
Amboy,  Brooklyn  and  Jamaica,  and  the  Charleston  and  Augusta,  Railroads 
— Rails,  Chairs,  Blocks,  and  Sleepers  used  in  the  United  States — Original 
Cost  of  American  Railways — Expense  of  upholding  them — Power  employed 
on  the  American  Railways — Horse-power — Locomotive  Engines — Locomo¬ 
tive  Engine  Works  in  the  United  States — Construction  of  the  Engines — 
Guard  used  in  America — Fuel — Engine  for  burning  Anthracite  Coal— Sta¬ 
tionary  Engines — Description  of  the  Stationary  Engines,  Inclined  Planes, 
and  other  works  on  the  Alleghany  Railway — Railway  from  Lake  Champlain 
to  the  St.  Lawrence  in  Canada. 

Chap.  X. — Water-Works.  Fairmount  Water-works  at  Philadelphia — Con¬ 
struction  of  the  Dam  over  the  River  Schuylkill — Pumps  and  Water-wheels 
— Reservoirs,  &c. — The  Water-works  of  Richmond  in  Virginia — Pittsburg 
— Montreal — Cincinnatti — Albany — Troy— Wells  for  supplying  New  York 
and  Boston — Plan  for  improving  the  supply  of  Water  for  New  York,  &c. 

Chap.  XI. — Lighthouses. — Great  extent  of  coast  under  the  superintendence 
of  the  Lighthouse  Establishment — Introduction  of  Sea  Lights  in  America — 
Description  of  the  present  establishment — Number  of  Lighthouses,  Floating 
Lights,  and  Buoys — Management — Superintendents — Light-Keepers — Sup¬ 
plies  of  Stores,  &c. — Lighting  Apparatus — Distinctions  of  Lights. 

Chap.  XII. — House-moving — Note  on  the  Manufactories  at  Lowell. 


8. 


THE  HARBOUR  AND  PORT  OF  LONDON, 

SCIENTIFICALLY,  COMMERCIALLY,  AND  HISTORICALLY  DESCRIBED. 

Containing  Accounts  of  the  History,  Privileges,  Functions,  and  Government  thereof ;  of  its  Extent,  Divisions,  and  Jurisdictions, 
Municipal  and  Commercial;  of  its  Docks,  Piers,  Quays,  Embankments,  Moorings,  and  other  Engineering  Works;  Tidal  and  other 
Observations,  and  every  other  necessary  information  relative  thereto,  accompanied  by  Charts  of  the  Port  and  its  Dependencies,  its 
Shoals  and  Soundings,  surveyed  by  order  of  the  Port  of  London  Improvement  Committee ;  Plans  of  Docks,  Gates,  Piers,  Swivel 
Bridges,  Methods  of  Mooring  Vessels,  &c.,  as  directed  by  the  Corporation  By-Laws,  &c.,  &c.,  &c. 

By  JAMES  ELMES, 

Architect  and  Civil  Engineer,  Surveyor  of  the  Port  of  London. 

22  Plates,  large  folio,  bound,  Price  £1  Is. 
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WORKS  PUBLSHED  BY  JOHN  WEALE 


9. 

CHEVALIER  DE  PAMBOUR’S  WORKS. 


A  NEW  THEORY  OF  STEAM  ENGINES; 

Being  the  several  papers  read  at  the  Institute  of  France. 

By  the  Chevalier  F.  M.  G.  DE  PAMBOUR, 

Author  of  a  Practical  Treatise  on  Locomotive  Engines. 

In  8vo.,  Price  2s. 


10. 

In  the  Press,  in  8vo.,  with  Plates,  a  Second  Edition  of 

A  PRACTICAL  TREATISE  ON  LOCOMOTIVE 
ENGINES  UPON  RAILWAYS; 

The  construction,  the  mode  of  acting,  and  the  effect  of  Engines  in  conveying 
heavy  loads ;  the  means  of  ascertaining,  on  a  general  inspection  of  the  Ma¬ 
chine,  the  velocity  with  which  it  will  draw  a  given  load,  and  the  results  it 
will  produce  under  various  circumstances  and  in  different  localities  ;  the  pro¬ 
portions  which  ought  to  he  adopted  in  the  construction  of  an  Engine,  to 
make  it  answer  any  intended  purpose ;  the  quantity  of  fuel  and  water  re¬ 
quired,  &c. ;  with  Practical  Tables,  showing  at  once  the  results  of  the 
Formulae :  founded  upon  a  great  many  new  experiments  made  on 
a  large  scale,  in  a  daily  practice  on  the  Liverpool  and  Manchester,  and  other 
Railways,  with  different  Engines  and  trains  of  Carriages.  To  which  is  added, 
an  Appendix,  showing  the  expense  of  conveying  Goods  by  means  of  Loco¬ 
motives  on  Railroads. 

By  the  Chevalier  F.  M.  G.  DE  PAMBOUR. 
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In  the  Autumn  will  he  published, 

AN  ANALYTICAL  THEORY  OF  THE  STEAM 
ENGINE; 

A  work  showing  the  inaccuracy  of  the  methods  in  use  to  valuate  the  effects 
and  proportions  of  Steam  Engines,  and  containing,  for  stationary  or  loco¬ 
motive,  high  or  low  pressure  engines,  working  with  or  without  expansion, 
and  with  or  without  condensation,  a  series  of  formulae  for  determining  the 
velocity  which  an  engine  will  make  with  a  given  load  ;  the  load  it  will  put  in 
motion  at  a  given  velocity,  the  evaporation  of  which  it  must  he  capable  to 
fulfil  wanted  conditions  ;  the  useful  effect  which  it  will  produce,  either  at  a 
fixed  velocity,  or  at  the  velocity  of  maximum  of  useful  effect,  valued  either  in 
horse  power,  or  by  the  weight  raised  to  a  given  height  in  a  minute ;  the 
effect  resulting  from  the  consumption  of  a  known  quantity  of  water  or  coal ; 
the  rate  of  expansion  at  which  the  steam  must  work,  in  order  to  obtain  from 
the  engine  wanted  effects,  &c. 

By  the  Chevalier  F.  M.  G.  DE  PAMBOUR. 


12. 

Second  Edition,  with  Additional  Corrections,  in  8vo.,  with  a  fine  Frontispiece 
of  a  Locomotive  Engine,  Price  8s. 

ANALYSIS  OF  RAILWAYS; 

Consisting  of  Reports  of  Railways  projected  in  England  and 
Wales ;  to  which  are  added,  a  Table  of  Distances  from  the  pro¬ 
posed  London  Terminus  to  Eight  well-known  Places  in  the 
Metropolis,  with  a  copious  Glossary,  and  several  Useful  Tables. 

By  FRANCIS  WHISHAW,  C.E.,  M.Inst.C.E. 


13. 

SECTIO-PLANOGRAPHY ; 

A  DESCRIPTION  OF  MR.  MACNEILl’s  METHOD  OF  LAYING  DOWN 
RAILWAY  SECTIONS  AND  PLANS  IN  JUXTA-POSITION. 

As  adopted  by  the  Standing  Order  Committee  of  the  House  of 
Commons,  1837. 

By  FRED.  W.  SIMMS,  Civil  Engineer. 

"With  folding  Plates,  in  4to.,  Price  3s. 
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COLONEL  PASLEY’S  COMPREHENSIVE  WORK  ON 
GEOMETRY. 


Second  Edition,  much  enlarged,  Price  16s.  cloth  hoards,  (instead  of  £1  4s.), 

A  COMPLETE  COURSE  OF  PRACTICAL 
GEOMETRY  AND  PLAN  DRAWING; 

Treated  on  a  principle  of  Peculiar  Perspicuity.  Adapted  either  for  Classes, 
or  for  Self-Instruction.  Originally  published  as  the  first  volume  of  a  Course 
of  Military  Instruction. 

By  C.  W.  PASLEY,  C.B.,  Colonel  Royal  Engineers,  F.R.S.,  &c.  &c. 


ADVERTISEMENT  TO  THE  PRESENT  EDITION. 

The  utility  of  this  “  Course  of  Practical  Geometry  ”  has  now  been  proved 
by  the  experience  of  more  than  five-and-twenty  years.  In  1812,  when  it  was 
first  introduced  by  authority  as  a  part  of  the  Instruction  of  the  Non-Commis¬ 
sioned  Officers  and  Soldiers  of  the  Royal  Engineer  Department,  not  one  in  a 
hundred  of  these  men  knew  anything  of  Geometry  or  of  Plan  Drawing,  and 
they  had  nothing  of  that  reputation  for  superior  intelligence  and  acquirements 
by  which  they  have  since  become  distinguished  ;  hut  such  was  their  improve¬ 
ment  in  a  few  years  afterwards,  in  consequence  of  the  system  alluded  to,  that 
when  the  Trigonometrical  Survey  of  Ireland  was  set  on  foot,  under  the  able 
direction  of  Colonel  Colby,  he  applied  to  have  the  details  of  this  important 
service  executed  by  the  Royal  Sappers  and  Miners,  as  a  military  duty,  under 
the  superintendence  of  the  Officers  of  Royal  Engineers  by  whom  they  are 
commanded.  The  then  Master-General  of  the  Ordnance  having  approved  of 
this  suggestion,  in  1824  volunteers  were  selected  from  the  Companies  on  home 
service  to  be  specially  instructed,  and  afterwards  employed  as  surveyors,  to 
whom  recruits  have  since  been  added  every  year.  The  whole  of  these  men 
commenced  by  learning  such  parts  of  the  present  “  Course  of  Practical  Geo¬ 
metry  ”  as  were  considered  necessary ;  after  which  they  studied  Mensuration 
and  the  simpler  parts  of  Elementary  Fortification,  also  according  to  the  system 
of  the  Author  ;  and,  finally,  they  were  instructed  and  exercised  in  surveying 
according  to  rules  laid  down  by  Colonel  Colby  himself.  The  whole  of  the 
preliminary  instruction  of  these  Military  Surveyors,  usually  occupying  about 
eight  months,  has  hitherto  been  carried  on  at  Chatham,  from  whence,  when 
qualified,  they  are  sent  to  Ireland,  to  join  Colonel  Colby’s  command.  For 
many  years  past  no  less  than  three  Companies  of  Royal  Sappers  and  Miners, 
whose  present  establishment,  if  complete,  would  amount  to  nearly  270,  and 
has  always  considerably  exceeded  180  men,  have  been  employed  under  his 
orders  in  the  Trigonometrical  Survey  of  that  country,  and  the  greatest  part  of 
the  work  has  been  done  by  them  or  under  their  superintendence,  for  although 
a  proportion  of  Civil  Surveyors,  gradually  increasing  to  more  than  a  thousand, 
have  also  been  employed,  they  have  only  acted  as  assistants  to  the  former. 

Thus  the  system  of  instruction,  of  which  this  Course  forms  a  part,  by  sup¬ 
plying  in  a  short  time  a  much  greater  number  of  qualified  surveyors  than  could 
possibly  have  otherwise  been  obtained,  has  enabled  the  Ordnance  Department 
to  undertake  the  Survey  of  Ireland  on  a  scale  of  unparalleled  magnitude,  and 
at  a  comparatively  moderate  expense ;  for,  whilst  these  men  have  each  had 
their  respective  tasks  allotted  to  them,  and  laid  down  their  special  surveys 
on  paper,  calculating  also  the  contents  of  the  portions  of  ground  surveyed  by 
them  in  acres,  roods,  &c.,  and  thus  preparing,  under  the  personal  superin¬ 
tendence  of  their  own  Officers,  the  materials  for  the  future  surveys  of  parishes 
and  counties,  other  talented  and  scientific  Officers  of  Engineers,  not  attached 
to  the  above-mentioned  Companies,  have  been  employed  with  indefatigable  zeal 
in  fixing  the  principal  Trigonometrical  Stations,  and  in  making  the  Geodesical 
and  Astronomical  Observations  and  Calculations  necessary  for  determining  all 
the  great  Triangles,  afterwards  to  he  subdivided  into  smaller  ones,  as  the 
elementary  portions  of  the  proposed  maps,  to  be  filled  in  from  the  special 
surveys  before  alluded  to.  Thus,  by  the  judicious  arrangements  of  the  scientific 
Officer  in  charge  of  that  great  national  undertaking,  and  especiaUy  by  the 
admirable  subdivision  of  labour  he  has  introduced,  by  employing  every  officer 
and  man  under  him,  according  to  their  respective  qualifications,  and  by  having 
accurately  defined  the  duties  and  responsibility  of  each  individual,  the  Trigo¬ 
nometrical  Survey  of  Ireland  has  been  executed,  as  far  as  it  goes,  in  the  most 
creditable  manner,  and  also,  there  is  reason  to  believe,  with  far  greater  accuracy 
than  any  former  survey  of  a  similar  nature. 

The  Author  concludes  by  observing,  that  all  the  remaining  copies  of  the 
second  edition  of  this  “  Course  of  Practical  Geometry  ”  have  been  called  in, 
and  are  now  re-issued,  in  their  present  form,  on  terms  more  advantageous  to 
the  public. 
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Just  published, 

THE  PRACTICE  OF  MAKING  AND  REPAIRING 
ROADS ; 

OF  CONSTRUCTING  FOOTPATHS,  FENCING,  AND  DRAINS  ; 

Also  a  Method  of  comparing  Roads  with  reference  to  the  Power  of  Draught 
required:  with  Practical  Observations,  intended  to  simplify  the  mode  of 
estimating  Earth-work  in  Cuttings  and  Embankments. 

By  THOMAS  HUGHES,  Esq.,  Civil  Engineer. 

8vo.,  bound,  Price  3s.  6 d. 


16. 

ILLUSTRATIONS  OF  THE  LONDON  AND 
BIRMINGHAM  RAILWAY; 

INSCRIBED,  BY  PERMISSION,  TO  THE  DIRECTORS  AND  THE 
ENGINEER  OF  THE  COMPANY. 

A  Series  of  Lithographed  Sketches  on  the  London  and  Birmingham  Railway. 

By  JOHN  C.  BOURNE. 

With  Topographical  and  Descriptive  Accounts  of  the  Origin,  Progress,  and 
General  Execution  of  this  Great  National  Work. 

By  JOHN  BRITTON,  F.S.A. 

It  is  proposed  that  this  work,  which  will  illustrate  the  most  interesting 
objects  and  features  on  the  Line  of  Railway  between  London  and  Birming¬ 
ham,  shall  correspond  in  size  and  style  of  execution  with  the  splendid  publi¬ 
cations  of  Roberts,  Lewis,  Harding,  and  Stanfield.  This  size  (Imperial 
Folio)  and  style  will  enable  the  artist  to  represent  many  of  the  Architectural 
and  Engineering  features  of  the  works  in  a  manner  calculated  to  give  correct 
information  to  the  man  of  science,  as  wrell  as  to  the  topographer  and  the 
amateur. 

The  First  Number,  Price  £1  Is.,  with  Eight  Drawings,  was  published 
September  the  1st ;  and  the  remainder  will  speedily  follow. 

The  Series  will  consist  of  Thirty-two  finished  Sketches,  as  executed  by  the 
Artist  on  the  respective  spots,  and  transferred  hy  himself  to  stone  with 
scrupulous  fidelity.  At  the  conclusion  of  the  Work,  and  with  the  last  Num¬ 
ber,  will  be  presented  to  the  Subscribers,  a  brief  Topographical  and  De¬ 
scriptive  Account  of  the  Origin,  Progress,  and  general  Execution,  of  this 
great  national  Line  of  Railway. 
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In  8vo.,  cloth,  Price  2s.  6 d. 

A  NEW  SYSTEM  OF  SCALES  OF  EQUAL 
PARTS, 

Applicable  to  various  purposes  of  Engineering,  Architectural  and  General 
Science.  Illustrated  by  a  Fac-simile  of  the  Scales  on  Copper-plate. 

By  CHARLES  HOLTZAPFFEL, 

Associate  of  the  Institution  of  Civil  Engineers. 

The  System  is  an  extension  and  generalization  of  the  common  binary  ap¬ 
plication  of  drawing  scales,  as  the  foot  rule  on  the  one  hand,  and  the  reduced 
scales  of  1,  2,  3,  inches,  &c.,  to  the  foot  on  the  other.  They  are  applicable 
not  only  to  all  the  ordinary  purposes  of  drawing,  but  also  to  various  relations 
of  numerical,  geometrical,  and  physical  quantities,  which  may  be  read  on  in¬ 
spection.  These  operations  would  otherwise  require  constant  and  tedious 
calculations,  or  extensive  sets  of  tables,  very  few  of  which  exist. 

The  Proportional  Scales  for  Lines  are  for  the  enlargement  or  diminution 
of  drawings,  models,  &c.,  in  any  of  the  400  distinct  proportions  expressed  in 
the  Table  which  accompanies  them,  so  as  to  suit  all  transpositions  of  scale, 
or  the  limitations  of  the  thawing  paper,  copper-plate,  &c.  &c.  The  Propor¬ 
tional  Scales  for  Planes  and  Solids  apply,  with  the  same  simplicity,  to  the 
areas  of  superfices  and  the  contents  of  solids,  regular  or  irregular.  The  Pro¬ 
portional  Scales  for  the  Weights  and  Measures  of  Bodies  denote  on  inspection 
all  relations  of  weight  and  bulk,  as  of  tons,  cwts.,  or  pounds ;  or  cubic  yards, 
feet,  and  inches,  &c.  Any  two  of  these  scales  may  be  compared. 

The  Comparative  Scales  for  all  Denominations  of  Weights  and  Measures 
of  all  Countries  show,  in  the  like  manner,  the  correspondence  of  any  two 
measures  of  a  kind.  Numerous  examples  of  the  whole,  particularly  suited  to 
Engineering,  Construction,  and  Science  generally,  are  given  at  length. 

As  the  least  expensive  fabric,  each  scale  is  ruled  on  a  different  slip  of  card 


paper,  in  the  Dividing  Engine  contrived  by  the  Author,  the  figures  and  in¬ 
scriptions  having  been  previously  printed  dry.  By  this  arrangement  the  con¬ 
fusion  of  crowded  scales  is  entirely  avoided,  and  any  of  them  may  he  applied 
direct  to  the  drawing,  or  compared  with  one  another,  without  the  employ¬ 
ment  of  the  compasses.  The  material  of  the  scales  and  of  the  drawing  paper 
being  identical,  they  will  be  found  well  adapted  to  the  majority  of  the  draw¬ 
ings  used  in  common  practice.  Numerous  experiments  on  this  head  are  detailed. 

The  Card  Scales  are  made  up  in  sealed  envelopes,  containing  small  num¬ 
bers,  at  9s.  the  dozen,  or  separately  at  one  shilling  each,  so  that  any  selection 
can  be  made. 

They  are  also  laid  down  on  wood,  ivory,  and  metal,  of  the  usual  and  several 
novel  and  economical  forms,  and  any  varieties  not  described  will  be  laid  down 
to  any  given  data. 

Lists,  with  full  particulars  of  size,  &c.,  for  circulation  by  post,  may  be  had 
on  application  (if  by  letter,  post  paid). 


18. 

Just  published,  Price  5s.  6<f.  in  cloth,  with  four  Plates, 

A  PRACTICAL  ESSAY  ON  STEAM-ENGINE 
BOILERS, 

Their  general  construction,  and  management,  including  important  observations 
on  RAILWAY  LOCOMOTIVE  ENGINES,  and  on  the  causes  and  means  of 
preventing  EXPLOSIONS. 

By  R.  ARMSTRONG,  Civil  Engineer. 

‘  This  essay  contains  ample  evidence  that  its  author  is  well  acquainted  with  the  subject 
of  which  it  treats.’ — Manchester  Times. 

‘  We  have  gone  through  this  book  with  much  pleasure  and  instruction,  and  heartily  re¬ 
commend  its  attentive  perusal  to  our  readers.’ — Civil  Engineer  and  Architect’s  Journal  for 
March,  1838. 


19. 

Just  published,  handsomely  Engraved  on  Steel, 

(size  16  inches  by  10^  inches,) 

A  CHART  OF  THE  HARBOUR  AND  PORT  OF 
LONDON, 

Exhibiting  the  River  Thames  and  the  adjacent  Docks  from  London  Bridge  to 
Bugsby’s  Hole,  and  including  the  Greenwich  Railway,  the  projected  hue  of 
the  Commercial,  and  the  commencement  of  the  Croydon  Railway. 

In  this  Chart  the  Low-water  Mark,  Soundings,  Shoals,  and  other  im¬ 
portant  features,  are  inserted  from  the  most  recent  surveys ;  and,  from  the 
care  which  has  been  exercised  in  indicating  correctly  the  various  Wharfs, 
Dock-yards,  Warehouses,  and  Factories,  on  each  side  of  the  River,  it  Mull  he 
found  of  great  utility  to  all  persons  engaged  in  nautical  or  commercial  pursuits. 
Price  2 s.  6 d.  plain,  3s.  coloured. 


20. 

In  8vo.,  with  several  Plates,  Price  16s. 

A  TREATISE  ON  THE  STRENGTH  OF  TIMBER, 
CAST  IRON,  MALLEABLE  IRON,  AND  OTHER 
MATERIALS, 

With  Rules  for  Application  in  Architecture,  Construction  of  Suspension 
Bridges,  Railways,  &c. ;  with  an  Appendix  on  the  Powers  of  Locomotive 
Engines  on  Horizontal  Planes  and  Gradients. 

By  PETER  BARLOW,  F.R.S.,  &c.,  &c. 

21. 

In  the  Press, 

A  TREATISE  ON  HYDRAULICS, 

Which  will  be  found  of  considerable  value  to  the  Practical  Civil  Engineer. 
Translated  from  the  French  of  Mon.  T.  F.  D’Aubuisson  de  Voisins,  Ingenieur 
eu  Chef  au  Corps  Royal  des  Mines,  &c.,  &c. 

By  RICHARD  BEAMISH,  Esq.,  C.E.,  F.R.S.,  &c.  &c. 

Contents  of  the  Work. — On  Running  Waters  in  Canals,  Rivers,  Conduits, 
and  Jets  d’Eau,  and  which,  in  the  original,  occupies  230  pages. 

The  Second  Part  to  exhibit  water  as  a  motive  power,  and  to  show  its 
applicability  to  various  Machines,  313  pages. 

The  whole  to  be  compressed  in  an  octavo  volume,  with  several  Plates.  A 
Prospectus,  explaining  at  large  the  extent  and  utility  of  the  work,  will  shortly 
be  issued. 
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22. 

Preparing  for  publication,  in  one  large  (yet  convenient)  volume,  8vo.,  comprising  100  plates,  price  36s.,  to  be  issued  in  Monthly  Parts,  beginning  with  January 
next,  and  continued  monthly  till  the  Twelve  Parts  are  out,  each  charged  3s.,  in  a  neat  mapper,  and  delivered  on  Magazine  day, 

A  THEORETICAL,  ELEMENTAL,  AND  PRACTICAL  TREATISE  ON  THE  PRINCIPLE, 
CONSTRUCTION,  AND  THE  ARCPIITECTURE  OF  BRIDGES, 

In  all  parts  of  the  World,  whether  of  Stone,  Brick,  Wood,  or  Wire,  and  Suspension.  The  work  is  based  on  the  Principles  of 
Dr.  Hutton,  L.L.D.,  F.R.S.,  Thomas  Telford,  C.E.,  F.R.S.,  Joseph  Gwilt,  F.S.A.,  Architect,  and  John  Seaward,  F.R.S.,  C.E. 
Illustrated  by  known  esteemed  examples. 

The  works  of  Perronet,  Gauthey,  Wiebeeking,  and  other  eminent  Foreign  Authors,  will  be  consulted,  and  their  excellences 
made  available,  and  the  gratuitous  services  of  several  eminent  Civil  Engineers  will  be  accepted. 

The  Publication  of  the  ‘  Public  Works  of  Great  Britain,’  and  ‘  Tredgold  on  the  Steam  Engine,’  having  released  the  eminent 
Engravers  employed  thereon,  Mr.  Weale  has  renewed  their  services  for  this  very  essential  work. 

Subscribers  are  solicited  to  send  their  names,  addressed  to  Mr.  Weale,  and  those  whose  names  are  registered  before  the  1st  of 
December,  will  be  entitled  to  the  Parts  at  2s.  6d.  each;  the  whole  thereby  will  cost  only  30s. 


23. 

ELEMENTARY  PRINCIPLES  OF 
CARPENTRY,  &c. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Beams  and  Timber  Frames, 
the  Resistance  of  Timbers,  and  the  Construction  of  Floors,  Roofs,  Centres, 
Bridges,  &c. ;  with  Practical  Rules  and  Examples.  To  which  is  added,  an 
Essay  on  the  Nature  and  Properties  of  Timber ;  including  the  Methods  of 
Seasoning,  and  the  Causes  and  Prevention  of  Decay ;  with  Descriptions  of 
the  Kinds  of  Wood  used  in  Building  :  also  numerous  Tables  of  Scantlings  of 
Timber  for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  Illus¬ 
trated  by  22  Engravings. 

By  THOMAS  TREDGOLD,  Civil  Engineer. 

4to.,  .£1  4s.  boards. 


24. 

AN  ESSAY  ON  THE  MODERN  SYSTEM  OF 
FORTIFICATION 

Adopted  on  the  Rhine  and  Danube,  and  followed  in  all  the  works  constructed 
since  the  Peace  of  1815,  in  Germany.  Illustrated  by  a  copious  Memoir  on 
the  Fortress  of  Coblentz,  and  accompanied  by  beautiful  Plans  and  Sections  of 
the  works  of  that  place. 

By  Lieutenant-Colonel  J.  H.  HUMFREY,  K.S.F., 

Formerly  of  the  Royal  Artillery  and  Royal  Staff  Corps,  and  late  Commanding 
Engineer  to  the  corps  of  Cantabria,  author  of  several  Military  Works,  &c. 
Long  resident  in  Germany,  where  he  had  opportunities  of  collecting  in¬ 
formation  from  the  best  sources. 

Price  Is.  6 d. 


25. 

AN  ELEMENTARY  INVESTIGATION  OF  THE 
THEORY  OF  NUMBERS, 

With  its  Application  to  the  Indeterminate  and  Diophantine  Analysis,  the 
Analytical  and  Geometrical  Division  of  the  Circle,  and  several  other  curious 
Algebraical  and  Arithmetical  Problems. 

By  PETER  BARLOW,  Esq.,  F.R.S.,  M.Inst.  C.E.,  and  of  several  other 
Learned  Societies  and  Academies. 

In  8vo.,  upwards  of  500  pages,  Price  8s. 


26. 

A  PRACTICAL  TREATISE  ON  THE  PRINCIPLES 
AND  PRACTICE  OF  THE  ART  OF  LEVELLING, 

With  Practical  Elucidations  and  Illustrations,  and  Rules  for  Making  Roads 
upon  the  principle  of  Telford  ;  together  with  Mr.  Macneill’s  Instrument 
for  the  Estimating  of  Roads,  &c. — A  work  most  essential  to  the  Student. 
With  Plates,  8vo.,  Price  6s. 


27. 

A  TREATISE  ON  NAVIGATION  BY  STEAM; 

Comprising  a  history  of  the  steam  engine,  and  an  Essay  towards  a 
System  of  the  naval  tactics  peculiar  to  steam  navigation. 

By  SIR  JOHN  ROSS,  R.N.,  K.S.,  &c.  &c. 

In  4to.,  with  Plates,  Price  £1  Is. 


28. 

Nearly  ready,  a  New  Edition,  with  Additions,  hy  G.  Rennie,  Esq.,  C.E.,  F.R.S. 

PRACTICAL  ESSAYS  ON  MILL-WORK  AND 
OTHER  MACHINERY. 

On  the  Teeth  of  Wheels,  the  Shafts,  Gudgeons,  and  Journals  of  Machines ; 
the  Couplings  and  Bearings  of  Shafts  ;  disengaging  and  re-engaging  Machinery 
in  Motion ;  equalizing  the  Motions  of  Mills ;  changing  the  Velocity  of 
Machines  in  Motion ;  the  Framing  of  Mill-Work,  &c. ;  with  various  useful 
T  ciblcs 

By  ROBERT  BUCHANAN,  Engineer. 

Revised,  with  Notes  and  Additional  Articles,  containing  new  Researches  on 
various  Mechanical  Subjects, 

By  THOMAS  TREDGOLD,  Civil  Engineer. 

Illustrated  by  Plates  and  Numerous  Figures.  2  vols.  8vo.  £1  4s.  boards. 


29. 

SUSPENSION  BRIDGES. 

A  SCIENTIFIC  and  an  HISTORICAL  and  DESCRIPTIVE  ACCOUNT  of 
the  SUSPENSION  BRIDGE  constructed  over  the  MENAI  STRAIT,  in 
North  Wales ;  with  a  brief  Notice  of  CONWAY  BRIDGE.  From  Designs 
hy  and  under  the  direction  of  Thomas  Telford,  F.R.S.,  L.  and  E.,  &c.  &c., 
and  Alexander  Provis,  Esq.,  Resident  Engineer. 

Large  Atlas  folio,  17  very  finely  engraved  plates,  Price  £4  14s.  6 d. — A  few 
copies  only  of  proofs  on  India  paper,  Price  £6  6s. 


30. 

CEMENTS. 

A  PRACTICAL  and  SCIENTIFIC  TREATISE  on  the  Choice  and  Preparation 
of  the  Materials  for,  and  the  Manufacture  and  Application  of,  Calcerous 
Mortars  and  Cements,  Artificial  and  Natural,  supported  by  an  Extensive 
Series  of  Original  Experiments.  By  Mr.  L.  J.  Vicat,  Chief  Engineer  of 
Roads,  &c.  Translated  from  the  French,  with  numerous  and  valuable  Ad¬ 
ditions,  and  Explanatory  Notes,  comprehending  the  most  important  known 
Facts  in  this  Science,  and  with  additional  new  Experiments  and  Remarks. 

By  Captain  J.  T.  SMITH,  Madras  Engineers. 

In  8vo.,  with  Plates. 


ARCHITECTURAL  LIBRARY,  59,  HIGH  HOLBORN. 
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31. 

OBSERVATIONS  ON  LIMES  AND  CALCAREOUS 
CEMENTS, 

As  applied  to  the  Formation  of  Mortars,  Stuccoes,  and  Concrete ;  together 
with  Rules,  deduced  from  Numerous  Experiments,  for  making  an  Artificial 
Water  Cement,  similar  in  its  Properties,  and  equal  in  Efficiency,  to  the  best 
Natural  English  Cements,  improperly  styled  Roman  Cements. 

By  Colonel  PASLEY,  Royal  Engineers,  C.B.,  F.R.S.,  &c.  &c. 

In  8vo.,  with  numerous  Wood-Cuts. 


32. 

THE  CARPENTER  AND  JOINER’S  ASSISTANT, 

Containing  Practical  Rules  for  making  all  kinds  of  Joints,  and  various  methods 
of  liingeing  them  together ;  for  hanging  of  Doors  ;  for  fitting  up  Windows 
and  Shutters ;  for  the  construction  of  Floors,  Partitions,  Soffits,  Groins, 
Arches  for  Masonry  ;  for  constructing  Roofs  in  the  best  manner  from  a  given 
quantity  of  Timber,  &c.  Also  Extracts  from  M.  Belidor,  M.  du  Hamel,  M. 
de  Buffon,  &c.,  on  the  strength  of  Timber.  Illustrated  with  79  Plates. 

By  PETER  NICHOLSON,  Architect. 

4to.,  Price  £1  Is.  Revised  and  corrected. 


33. 

THE  CARPENTER’S  NEW  GUIDE, 

Being  a  complete  Book  of  Lines  for  Carpentry  and  Joinery,  treating  fully  on 
Practical  Geometry,  Soffits,  Brick  and  Plaster  Groins,  Niches  of  even-  de¬ 
scription,  Skylights,  Lines  for  Roofs  and  Domes ;  with  a  great  variety 
of  Designs  for  Roofs,  Trussed  Girders,  Floors,  Domes,  Bridges,  &c., 
Copper-plates :  including  some  Observations  and  Calculations  on  the  Strength 
of  Timber. 

By  P.  NICHOLSON. 

4to.,  Price  £1  Is.  Corrected  and  enlarged. 


34. 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH 
OF  CAST  IRON  AND  OTHER  METALS; 

Intended  for  the  Assistance  of  Engineers,  Iron-Masters,  Millwrights,  Archi¬ 
tects,  Founders,  Smiths,  and  others  engaged  in  the  Construction  of  Ma¬ 
chines,  Buildings,  &c.  Containing  Practical  Rules,  Tables,  and  Examples, 
founded  on  a  Series  of  new  Experiments ;  with  an  extensive  Table  of  the 
Properties  of  Materials.  Illustrated  by  Eight  Plates  and  several  Wood-cuts. 

By  THOMAS  TREDGOLD,  Civil  Engineer. 

Third  Edition,  improved  and  enlarged.  8vo.,  Price  12s.  boards. 


35. 

MAKING  AND  REPAIRING  ROADS. 

RULES  for  MAKING  and  REPAIRING  ROADS,  as  laid  down  by  the  late 
Thomas  Telford,  Esq.,  Civil  Engineer.  Extracted,  with  additions,  from  a 
Treatise  on  the  Principles  and  Practice  of  Levelling. 

By  F.  W.  SIMMS,  Surveyor  and  Civil  Engineer. 

8vo.,  with  two  large  folding  Plates  of  Sections  of  Roads,  Price  2s. 

36. 

A  TREATISE  ON  MILLS; 

In  Four  Parts.  Part  First,  on  Circular  Motion ;  Part  Second,  on  the  Maxi¬ 
mum  of  Moving  Bodies,  Machines,  Engines,  &c. :  Part  Third,  on  the  Velocity 
of  Effluent  Water;  Part  Fourth,  Experiments  on  Circular  Motion,  Water- 
Wheels,  &c. 

By  JOHN  BANKS,  Lecturer  on  Experimental  Philosophy. 

Four  Plates.  Second  Edition,  Price  8s.  boards. 


37. 

A  TREATISE  ON  RIVERS  AND  TORRENTS, 

With  the  METPIOD  of  REGULATING  their  COURSE  and  CHANNELS. 
By  Paul  Frisi,  Member  of  numerous  Academies.  To  which  is  added,  An 
ESSAY  on  NAVIGABLE  CANALS,  by  the  same. 

Translated  by  Major-General  JOHN  GARSTIN. 

4to.,  with  Plates.  Price  15s. 


38. 

SECOND  REPORT  ON  THE  LONDON  AND 
BIRMINGHAM  RAILWAY, 

Founded  on  an  Inspection  of,  and  Experiments  made  on,  the  Liverpool  and 
Manchester  Railway. 

By  PETER  BARLOW,  F.R.S.,  &c.  &c. 

Wood-cuts,  8vo.  Price  5s. 


39. 

AN  ESSAY  ON  THE  CONSTRUCTION  OF  THE 
FIVE  ARCHITECTURAL  SECTIONS  OF  CAST- 
IRON  BEAMS, 

Employed  as  Girders,  Bressummers,  and  other  Horizontal  Supports  for 
Buildings,  &c. 

By  WILLIAM  TURNBULL. 

Wood-cuts,  8vo.  Price  4s.  6d. 

***  This  Work  may  appropriately  be  called  a  Supplement  to  Tredgold. 


40. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUC¬ 
TION  OF  OBLIQUE  ARCHES. 

By  JOHN  HART,  Mason. 

8vo.,  New  Edition,  with  several  Plates.  Price  6s. 


41. 

NAVAL  ARCHITECTURE; 

Or,  the  RUDIMENTS  and  RULES  of  SHIP-BUILDING  :  exemplified  in  a 
SERIES  of  DRAUGHTS  and  PLANS  ;  with  Observations  tending  to  the 
further  Improvement  of  that  Important  Art.  Dedicated  by  permission  to 
His  Majesty. 

By  MARMADUKE  STALKARTT. 

Third  Edition.  Folio,  with  a  large  Atlas  of  Plates.  Price  £4  4s. 


42. 

PERSPECTIVE  SIMPLIFIED. 

Easy  and  Practical  Rules  explained  for  the  Professional  Student  in  the  Fine 
Arts,  and  the  Amateur. 

By  Z.  LAURENCE,  Esq.,  Stamford  Hill. 

In  8vo.,  with  several  Illustrative  Plates,  Price  7s. 


43. 

Supplementary  and  Fifth  Volume  to  the  Antiquities  of  Athens,  by 
R.  C.  Cockerell,  Esq.,  &c. 

ANTIQUITIES  OF  ATHENS  AND  OTHER 
PLACES  OF  GREECE,  SICILY,  &c. 

Supplementary  to  the  Antiquities  of  Athens,  by  JAMES  STUART,  F.R.S., 
F.S.A.,  and  NICHOLAS  REVETT ;  delineated  and  illustrated  by  R.  C. 
Cockerell,  R.A.,  F.S.A.,  W.  Kinnaird,  T.  L.  Donaldson,  Member  of  the 
Institute  of  Paris,  W.  Jenkins,  and  W.  Railton,  Architects. 

Imperial  folio,  uniform  with  the  Original  Edition  of  Stuart  and  Revett, 
and  the  Dilettanti  Works.  Very  finely  printed,  and  with  numerous  beautiful 
Plates  of  Plans,  Elevations,  Sections,  Views,  Ornaments,  &c.  In  extra  cloth 
boards  and  lettered,  Price  £6  12s. 
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44. 

ARCHITECTURE  OF  THE  METROPOLIS. 

DEDICATED  TO  SYDNEY  SMIRKE,  ESQ.,  ARCHITECT,  F.S.A.,  F.G.S. 

A  New  and  Considerably  Enlarged  Edition,  with  many  Additional  Subjects  and  Plates,  of 


ILLUSTRATIONS  OF  THE  PUBLIC  BUILDINGS  OF  LONDON, 

In2Vols.  8vo.,Price£2  12s.  6d.,  with  1 65  Engravings  ;  originally  edited  by  the  late  Augustus  Pugin,  Esq.,  Architect,  and  John 

Britton,  Esq.,  F.S.A.,  &c.,  and  now  newly  Edited  and  Enlarged 

By  W.  H.  LEEDS,  Esq. 


Manifold  as  are  the  publications  which  represent  the  various  structures  of 
the  metropolis,  this  is  the  only  work  which  describes  them,  not  ad  libitum,  in 
views,  which  even,  when  perfectly  correct,  show  no  more  than  the  general 
aspect  and  locality  of  each  building  from  a  certain  point,  and  consequently 
afford  no  information  beyond  mere  external  appearance — but  exhibits  them 
architecturally  by  means  of  plans,  elevations,  and  occasionally  both  sections, 
and  interior  perspective  views.  Thus,  a  far  more  complete  and  correct  know¬ 
ledge  may  be  obtained  of  each  edifice,  in  its  entire  arrangement  in  all  its  parts 
and  dimensions,  than  by  pictorial  views  of  them. 

As  studies  for  the  Architect,  the  subjects  contained  in  these  volumes 
strongly  recommend  themselves,  more  particularly  so,  as  of  the  majority  of 
them,  no  plans  and  elevations  are  to  be  met  with  in  any  other  publication, 
which  materially  enhances  the  interest  of  this  collection,  and  it  preserves  to 


us  authentic  and  tolerable  complete  records  of  many  buildings  which  no 
longer  exist.  Among  these  are  Carlton  House,  illustrated  with  several 
plates,  including  sections,  and  a  plan  of  the  private  apartments ;  the  late 
English  Opera  House  ;  Mr.  Nash’s  Gallery,  which  has  since  been  dis¬ 
mantled  of  its  embellishments ;  and  The  Royal  Exchange. 

Among  the  subjects  introduced  in  this  New  Edition  will  be  found  the 
following: — The  Travellers’  Club  House — London  University — St. 
George’s  Hospital  —  Gateway,  .  Green  Park  —  Post  Office  —  Fish¬ 
mongers’  Hall — St.  Dunstan’s,  Fleet  Street ;  and,  for  the  accommodation 
of  the  purchasers  of  the  former  Edition,  all  the  Plates  now  added  will  be 
also  published  with  their  accompanying  letter-press,  in  a  separate  form,  to 
serve  as  a  Supplement  to  their  volumes. 


45. 

A  TREATISE  ON  THE  LAW  OF  DILAPIDATIONS 
AND  NUISANCES. 

By  DAVID  GIBBONS,  Esq.,  of  the  Middle  Temple,  Special  Pleader. 
Dedicated  to  the  Honourable  Sir  John  Taylor  Coleridge,  Knt.,  one  of  Her 
Majesty’s  Justices  of  the  Court  of  Queen’s  Bench. 

The  design  of  the  present  work  is  to  bring  into  one  view  that  branch  of 
the  law  in  which  architects  and  surveyors  are  principally  interested,  and  to 
furnish  them  with  some  rule  by  which  to  estimate  Dilapidations ;  and  for  this 
purpose  I  have  stated  the  effect  of  all  the  authorities  of  law  which  I  have 
thought  could  be  usefully  referred  to  upon  the  subject.  The  more  important 
cases  (most  of  which  are  modern)  are  given  at  length,  so  that  the  reader  may 
distinctly  understand  the  principles  enounced  by  them,  and  perceive  the 
manner  in  which  they  are  applied.  The  term  Dilapidation,  literally  speaking, 
is  understood  to  mean  the  depreciation  or  wearing  away  of  a  building.  I, 
however,  have  not  confined  myself  to  this  narrow  definition,  but  have  treated 
under  the  head  of  Dilapidations,  of  the  general  obligation  to  use  immoveable 
property  imposed  by  tlie  nature  of  the  tenure,  and  the  description  of  the 
tenement,  including  the  obligation  to  cultivate  lands,  the  right  to  timber,  and 
other  analogous  obligations  and  rights.  The  first  chapter  is  devoted  to 
Ecclesiastical  Dilapidations — a  subject  of  especial  interest  to  that  highly 
respectable  and  influential  body  of  men,  the  parochial  clergy ;  and,  to  make 
my  work  more  useful  and  complete,  I  have  added,  by  way  of  Appendix,  the 
statute  commonly  called  Gilbert’s  Act,  and  the  amending  act,  recently  brought 
in  by  the  Archbishop  of  Canterbury,  for  promoting  the  residence  of  the  pa¬ 
rochial  clergy,  by  making  provision  for  the  building  and  repairing  glebe  houses. 

I  have  also  treated  of  the  obligation  of  the  public  to  repair  Churches, 
Highways,  Bridges,  and  Sewers,  which,  I  doubt  not,  will  be  found  interesting 
to  those  who  are  concerned  in  estimating  the  Dilapidations,  and  executing 
the  repairs,  of  such  buildings  and  works.  As  somewhat  analogous  to  Dilapi¬ 
dations  I  have  added  a  chapter  on  Nuisances,  relating  to  lands  and  houses,  in 
which  I  have  discussed  the  obligation  and  rights  arising  from  neighbourhood, 
and  the  manner  in  which  those  easements  are  acquired,  which  are  essential  to 
the  well  being  of  a  bouse,  such  as  the  right  to  foundations,  to  window-lights, 
and  water-courses.  Questions  upon  this  subject  must  very  frequently  occur 
to  architects  in  planning  buildings  or  improvements,  and  it  is,  undoubtedly, 
important  that  they  should  know  the  law. — Preface. 


46. 

ROYAL  PARKS. 

Shortly  will  be  published,  in  royal  4to.,  numerous  Plates,  very  neatly  engraved, 

THE  ORNAMENTAL  IRON  WORK  AND  LODGES 
OF  THE  ROYAL  PARKS. 

Drawings  made  by  JAMES  IIAKEWELL  and  C.  J.  RICHARDSON,  Esqs., 
Architects,  expressly  for  the  work. 


47. 

GEOLOGICAL  STRUCTURE  OF  ENGLAND, 
IRELAND,  AND  SCOTLAND. 

An  Index  Geological  Map  of  the  British  Isles ;  constructed  from  published 
documents,  communications  of  eminent  geologists,  and  personal  investigation. 

By  JOHN  PHILLIPS,  F.R.S.,  G.S. 

Professor  of  Geology  in  King’s  College,  London. 

Engraved  by  J.  W.  LOWRY. 

One  large  sheet,  very  accurately  coloured ;  size  within  the  line  of  work, 
25|  inches  by  18 Price  10s. ;  mounted  and  folded,  13s.  ;  on  a  black 
roller,  15s. 


48. 

MATERIALS  FOR  A  CHALCOGRAPHIC  AND  LITERARY 

HISTORY  OF  BRITISH  ARCHITECTURE, 

COLLECTED  FROM  EXAMPLES  OF  LIVING  BRITISH  ARCHITECTS. 


It  is  proposed  to  publish  Part  I.  (1839)  as  an  experiment,  consisting  of 
THE  TRAVELLERS’  CLUB-HOUSE  IN  PALL-MALL,  LONDON. 

By  CHARLES  BARRY,  Esq.,  Architect  and  F.R.S. 

Drawn  to  a  Tenth  Scale,  in  royal  4to.,  with  great  care  and  accuracy,  by  Mr. 
Hewitt,  comprising  ten  Drawings  of  Elevations,  Plans,  Sections,  and  Details, 
to  be  engraved  by  J.  LEKEUX. — Price  15s. 

‘  The  study  of  the  Travellers’  Club-house,  the  work  of  Mr.  Barry,  cannot  fail  to  enlarge 
their  sphere  of  taste,  and  give  an  excellent  direction  to  their  yet,  perhaps,  unfixed  idea  of 
architectural  beauty  and  combination  in  domestic  architecture.” — President’s  Address,  Ar¬ 
chitectural  Society,  June  5th,  1838. 

Prospectuses  with  an  Address  will  accompany.  Subscribers’  names  to  be 
forwarded  to  Mr.  Weale. 


49. 

HISTORY  AND  DESCRIPTION  OF  THE  LATE 
HOUSES  OF  PARLIAMENT  AND  ANCIENT 
PALATIAL  EDIFICES  OF  WESTMINSTER. 

By  JOHN  BRITTON  and  EDWARD  W.  BRAYLEY, 

Authors  of  very  numerous  Antiquarian  and  Topographical  publications;  Fellows 
of  the  Society  of  Antiquarians  of  London,  and  of  several  other  Societies. 

In  large  and  thick  8vo.,  containing  45  very  beautiful  and  interesting  Plates, 
neat  in  cloth  boards.  Price  £1  lx.  On  royal  paper,  £2  2s.  In  4to.,  to  be 
uniform  with  Mr.  Britton’s  Cathedrals,  £4  4s.  Very  few  Copies  of  Proofs 
and  Etchings  in  imperial  8vo.,  JE4  4s. 


ARCHITECTURAL  LIBRARY,  59,  HIGH  HOLBORN. 
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50. 

GOTHIC  ARCHITECTURE. 

The  following  very  valuable  and  interesting  Work  has  been  withheld  from 
sale  for  upwards  of  eight  years  ;  the  publication  price  was  fixed  at  £ 2  2s., 
but,  as  a  favourable  purchase  has  been  made,  the  price  is  now  16s.  in  extra 
cloth  boards,  and  lettered. 

A  SERIES  OF  ANCIENT  BAPTISMAL  FONTS, 
NORMAN,  EARLY  ENGLISH,  DECORATED 
ENGLISH,  AND  PERPENDICULAR  ENGLISH. 

Drawn  by  F.  SIMPSON,  Jun.,  and  Engraved  by  R.  ROBERTS. 

Large  8vo.,  containing  40  very  beautifully  Engraved  Plates,  in  the  best  style 
of  that  Art,  and  the  Text  written  by  an  accomplished  and  talented  Gentle¬ 
man,  whose  attainments  in  Architecture  and  Antiquity  are  well  known  and 
appreciated. 

A  few  copies  on  large  paper,  price  .£1  8s. ;  and  only  six  copies  India 
proofs,  with  Etchings,  at  £2  2s. 

51. 

THE  MONUMENTAL  REMAINS  OF  NOBLE 
AND  EMINENT  PERSONS, 

Comprising  the  Sepulchral  Antiquities  of  Great  Britain,  engraved  from 
Drawings  by 

EDWARD  BLORE,  Architect,  F.S.A. 

With  Historical  and  Biographical  Illustrations. 


CONTENTS. 


1.  Eleanor,  Queen  of  Edward  tlie  First. 
Westminster  Abbey. — 1290. 

2.  Effigy  of  the  same. 

3.  Brian  Fitzalan,  Baron  of  Bedale.  Bedale 
Church. — 1301. 

4.  Aymer  de  Valence,  Earl  of  Pembroke. 
Westminster  Abbey. — 1324. 

6.  Sir  James  Douglas.  Douglas  Church. 
—1331. 

6.  Gervase  Alard,  Admiral  of  the  Cinque 
Ports.  Winchelsea  Church. — No  date. 

7.  Philippa,  Queen  of  Edward  the  Third. 
Westminster  Abbey. — 1369. 

8.  Effigy  of  the  same. 

0.  Thomas  Beauchamp,  Earl  of  Warwick. 
Beauchamp  Chapel,  Warwick. — 13/0. 

10.  Edward,  Prince  of  Wales.  Canterbury 
Cathedral. — 1376. 

11.  Effigy  of  the  same. 

12.  King  Edward  the  Third.  Westminster 
Abbey. — 1377. 

13.  Effigy  of  the  same. 

14.  Thomas  Hatfield,  Bishop  of  Durham. 
Durham  Cathedral.— 1381. 

15.  William  of  Wykliam,  Bishop  of  Win¬ 
chester.  Winchester  Cathedral.— 1404. 

16.  Effigy  of  the  same. 


17.  John  Gower.  St.  Saviour’s  Church, 
Southivark. — 1408. 

18.  King  Henry  the  Fourth  and  his  Queen. 
Canterbury  Cathedral . — 1412. 

19.  Effigy  of  the  same. 

20.  Thomas  Fitzalan,  Earl  of  Arundel. 
Arundel  Church. — 1415. 

21.  Ralph  Neville,  Earl  of  Westmorland. 
Staindrop  Church. — 1425. 

22.  Archibald,  5th  Earl  of  Douglas.  Douglas 
Church. — 1438. 

23.  Richard  Beauchamp,  Earl  of  Warwick. 
Beauchamp  Chapel,  Warwick. — 1439. 

24.  Effigy  of  the  same. 

25.  John  Beaufort,  Duke  of  Somerset.  Wim- 
born  Minster. — 1444. 

26.  Humphrey,  Duke  of  Gloucester.  St. 
Alban's  Abbey. — 1446, 

27.  Sir  John  Spencer.  Brington  Church. — 
1522. 

28.  Archbishops  Warham  and  Peckham. 
Canterbury  Cathedral. — 1 532. 

29.  Margaret  Plantagenet,  Countess  of  Salis¬ 
bury.  Christ’s  Church,  Hampshire.— 
1541. 

30.  Sir  Anthony  Browne.  Battle  Abbey. — 
1548. 


One  large  folio.  The  plates  engraved  in  the  finest  style  of  Art.  Cloth 
boards,  lettered.  Price  £1  10s. 


52. 

Shortly  will  be  published,  in  imperial  folio,  about  25  Plates,  Engraved  and 
Lithographed  in  the  best  style, 

MR.  HOPPER’S  DESIGNS  FOR  THE  NEW 
HOUSES  OF  PARLIAMENT. 

Consisting  of  Plans,  Elevations,  and  Perspective  Views  of  the  Interior. 
Only  a  limited  number  mil  be  printed. 


53. 

BRIDGEN’S  INTERIOR  DECORATIONS,  DE¬ 
TAILS,  AND  VIEWS  OF  SEF.TON  CHURCH, 
IN  LANCASHIRE, 

Erected  by  the  Molineux  family  (the  ancestors  of  the  present  Earl  of  Sefton), 
in  the  early  part  of  the  reign  of  Henry'  VIII. 

The  Plates  (34  in  number)  display  the  beautiful  Style  of  the  Tudor  Age  in 
Details,  Ornaments,  Sections,  and  Views.  Etched  in  a  masterly  style  of  art. 
In  folio  size,  Price  £1  Is.  in  hoards. 


54. 


DRAWINGS  OF  THE  FINEST  EXISTING  SPE¬ 
CIMENS  OF  ANCIENT  HALF-TIMBERED 
HOUSES  OF  ENGLAND, 

And  of  their  Details ;  with  an  Essay,  showing  the  Classification  of  the  Style, 
and  the  Age  to  which  it  belongs. 

By  M.  HABERSHON,  Architect. 

Parts  I.  II.  &  III.,  7s.  each ;  to  be  completed  in  6  parts,  royal  4to. 

***  The  work  will  contain  about  Twenty  Views,  taken  from  the  finest 
remaining  Specimens  of  this  interesting  branch  of  the  Ancient  Architecture 
of  England,  comprising  Manor  Houses,  Town  Residences,  and  Cottages,  some 
of  which  are  particularly  striking  and  picturesque ;  and,  in  order  to  give  a 
more  complete  illustration  of  it,  such  Views  will  he  accompanied  by  Drawings 
to  a  large  scale  of  Chimneys,  Tracery,  Porches,  Doors,  Windows,  and  other 
Details.  To  which  will  be  added,  an  Essay,  giving  a  General  Historical 
View  of  English  Architecture. 


55. 

CLARK’S  ELIZABETH  IAN  ARCHITECTURE, 

With  Plates,  imperial  8vo.,  cloth  boards,  £1  Is. 

CONTENTS. 


Wimbledon  House,  Surrey,  built  by  Sir 
Thomas  Cecil,  1588. 

Easton  House,  Essex,  Sir  Henry  Maynard. 
Aston  Hall,  Warwickshire,  Sir  Thos.  Holt. 
Grafton  Hall,  Cheshire,  Sir  Peter  Warburton. 
Stanfield  Hall,  Norfolk,  family  of  Flowerdews. 
Seckford  Hall,  Thomas  Seckford. 

Bramshill  House,  Hampshire. 

Fenn  Place,  Kent,  Lord  Zouch. 

Queen’s  Head,  Islington,  Sir  Walter  Raleigh. 
Chastleton,  Oxfordshire,  W Alter  Jones. 
Brereton  Hall,  Cheshire,  Sir  Walter  Brereton. 


Holland  House,  Middlesex,  Sir  Walter  Cope. 
Haughley  House,  Suffolk. 

Streete  Place,  Sussex,  Dobell. 

Montacute  House,  Somersetshire,  Sir  Edward 
Philips. 

Westwood  House,  Worcestershire. 
Wakehurst  Place,  Sussex,  Sir  Edward  Cul¬ 
peper. 

Carter’s  Corner,  Sussex. 

Eastbury  House,  Essex,  Lord  Monteagle. 
East  Mascall,  Sussex,  Newton. 

Old  House,  near  Worcester,  &c. 


56. 

SPECIMENS  OF  THE  ARCHITECTURE  OF  THE 
REIGNS  OF  QUEEN  ELIZABETH  AND  KING 
JAMES  I., 

From  Drawings  by  Charles  James  Richardson,  George  Moore,  and 
other  Architects,  with  Observations  and  Descriptions  of  the  Plates. 

Sixty  Plates,  Title-Page  printed  in  colours  and  gold,  elegantly  half-hound  in 
morocco,  and  lettered,  Price  £1  16s. 

Eighteen  Plates  illustrate  the  Old  Manor  House,  the  Gardens,  Terraces,  &c. 
at  Claverton,  the  Seat  of  George  Vivian,  Esq. — six  the  Duke  of  Kingston’s 
Picturesque  House  at  Bradford — aud  eight  the  princely  Mansion  of  Lord 
Holland  at  Kensington. 

The  volume  contains  examples  of  Ceilings,  Porches,  Balustrades,  Screens, 
Staircases,  Monuments,  Pulpits,  &c. ;  and  a  rich  collection  of  Fac-similes  of 
Old  English  Drawings,  chiefly  of  John  Thorpe’s,  the  most  eminent  Artist  in 
Queen  Elizabeth’s  time. 


57. 

HAKEWELL’S  ATTEMPT  TO  DETERMINE  THE 
EXACT  CHARACTER  OF  ELIZABETH  IAN 
ARCHITECTURE, 

Illustrated  by  Parallels  of  Dorton  House,  Hatfield,  Longleate,  aud  Wollaton, 
in  England  ;  the  Pallazzo  della  Cancellaria,  at  Rome. 

The  Plates  (8  in  number)  consist  of  compartments  of  the  Pallazzo  della 
Cancellaria,  at  Rome,  by  Bramante,  1495  ;  and  Longleate,  by  John  of  Padua, 
1547.  Compartment  of  the  South  Front  of  Hatfield,  1611,  with  Compartment 
of  Wollaton  Hall,  1580  ;  Dorton  House,  Bucks — a  Plan,  Screen  in  the  Hall; 
Longitudinal  Section  of  the  Staircase  ;  Transverse  Section  of  the  Staircase ; 
Chimney-piece  in  Queen  Elizabeth’s  room ;  Ceiling  in  the  same  room  ;  a 
front  view  of  the  Queen  occupies  the  centre  compartment ;  the  corresponding 
compartments  are  filled  with  the  Portraits  of  her  principal  Ministers  in 
profile.  In  8vo.,  extra  cloth  boards,  and  lettered,  Price  7s. — 25  copies  are 
printed  on  India  paper,  Price  10s.  6 d.  Second  Edition,  corrected. 
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58. 

MOLLER’S  GERMAN  GOTHIC  ARCHITECTURE, 

Translated.  With  Notes  and  Illustrations  by  W.  H.  LEEDS. 

8vo.,  cloth  hoards,  and  lettered,  Price  8s. 


59. 

GERMAN  GOTHIC  ARCHITECTURE. 
MEMORIALS  OF  GERMAN  ARCHITECTURE; 

Or,  the  ARCHITECTURAL  ANTIQUITIES  OF  GERMANY. 

By  GEORGE  MOLLER,  of  Darmstadt,  Architect  to  the  Grand  Duke  of  Hesse. 
2  vols.,  large  folio,  with  130  Plates,  a  Description  of  each  Edifice,  and  an 
Essay  on  the  Origin  and  Progress  of  Gothic  Architecture,  with  reference  to 
its  Origin  and  Progress  in  England ;  in  the  German  Language,  accompanied 
by  an  English  Translation. 

In  8vo.,  with  Notes  and  Illustrations  by  W.  H.  LEEDS.  Price  £4  4s. 

‘  The  Transition,  or  Early  German,  has  not  yet,  so  far  as  I  know,  received  much  distinct 
attention.  Dr.  Moller,  however,  in  the  course  of  his  valuable  Denkmaehler,  has  recently 
given  us  excellent  representations  of  the  Cathedral  at  Limburg,  on  the  Lahn,  which  is  a 
very  admirable  specimen  of  this  kind ;  and  has  noticed  the  intermediate  and  transition 
place  which  this  edifice  seems  to  occupy  in  the  developement  of  the  German  style.’ — 
Whewell’s  Notes  on  German  Churches,  p.  25. 

‘  There  exist,  however,  several  valuable  publications,  with  good  plates,  on  the  subject  of 
German  Architecture,  and  more  will  probably  appear  in  a  short  time.  Dr.  Moller’s  work 
(Denkmaehler  der  Deutschen  Baukunst)  already  contains  excellent  specimens  of  every  style 
of  German  buildings,  and  offers  additional  interest  and  beauty  in  each  new  number.’ — 
Whewell’s  Notes  on  German  Churches,  pp.  28,  29- 

‘  The  Church  of  St.  Catharine,  at  Oppenheim,  near  Worms,  also  in  part  a  ruin,  is  another 
fine  example  of  this  style,  and  has  been  worthily  illustrated  in  the  magnificent  work  of  Dr. 
Moller.’ — Whewell’s  Notes  on  German  Churches,  p.  113. 

Several  copies  of  Seventy-two  Plates,  making  Yol.  I.,  have  been  sold  in  this 
country  :  some  copies  of  the  2nd  Vol.  to  make  up  these  sets  can  be  had  for 
£2  126'.  fid. 


60. 

MOORE’S  LIST  OF  THE  PRINCIPAL  CASTLES 
AND  MONASTERIES  IN  GREAT  BRITAIN. 

8vo.  Price  3 s.  (Published  at  7s.) 


61. 

Part  I.  Royal  4to.  with  Plates. 

PROLUSIONES  ARCHITECTONICS ; 

Or,  ESSAYS  on  subjects  connected  with  GRECIAN  and  ROMAN  ARCHI¬ 
TECTURE.  Illustrated  by  Forty  Engravings  by  eminent  Artists.  Dedicated, 
by  permission,  to  the  Earl  Grey,  K.  G. 

By  WILLIAM  WILKINS,  A.M.,  R.A.,  F.R.S., 

Formerly  a  Senior  Fellow  of  Caius  College,  in  the  University  of  Cambridge ; 
Professor  of  Architecture  in  the  Royal  Academy  of  Arts. 

For  the  convenience  of  purchasers,  this  work  is  to  be  published  in  Two  Parts. 


62. 

LETTERS  OF  AN  ARCHITECT  FROM  FRANCE, 
ITALY,  AND  GREECE; 

Or,  CRITICAL  REMARKS  on  CONTINENTAL  ARCHITECTURE,  AN¬ 
CIENT  and  MODERN,  and  on  the  CLASSIC  ARCHITECTURE  of  GREECE. 
Written  in  a  Series  of  Letters. 

By  JOSEPH  WOODS,  F.A.S.,  F.L.S.,  F.G.S.,  &c. 

2  vols.  4to.,  upwards  of  70  Plates  and  Wood-cuts,  Price  £2  2s. 


63. 

8vo.,  with  Plates,  Price  7s. 

VENTILATION,  WARMING,  AND  TRANS¬ 
MISSION  OF  SOUND. 

REPORT  OF  THE  COMMITTEE  OF  THE  HOUSE  OF  COMMONS  ON  VENTILATION, 
WARMING,  AND  TRANSMISSION  OF  SOUND, 

Abbreviated,  with  Notes. 

By  W.  S.  INMAN,  Architect,  F.I.B.A. 


64. 

THE  PROFESSIONAL  PRACTICE  OF  ARCHI¬ 
TECTS  AND  THAT  OF  MEASURING  SUR¬ 
VEYORS, 

And  reference  to  BUILDERS,  &c.  &c.,  from  the  time  of  the  celebrated  Earl 
of  Burlington. 

By  JAMES  NOBLE,  Architect,  F.I.B.A. 

8vo.,  illustrated  with  a  very  fine  Frontispiece  by  Gladwin,  of  st.  Paul’s 
cathedral.  Extra  cloth  boards,  Price  10s.  fid. 


65. 

Nearly  ready,  the  splendid  Publication,  by  C.  R.  COCKERELL,  R.A.,  F.S.A. 
of  a  work  on 

THE  ANTIQUITIES  OF  GREECE; 

BEING  THE  TEMPLE  OF  JUPITER  PANHELLENIUS,  AND  OTHER  ANTIQUITIES 
AT  REGINA. 

Containing  20  Plates,  executed  by  the  best  Artists,  and  in  the  most  elaborate 
manner:  illustrating  the  detail  of  Construction,  Sculpture,  and  Painting  of 
that  remarkable  example  of  the  Archaic  Style,  so  singular  in  its  preservation, 
and  in  its  indication  of  a  union  of  those  Arts,  as  practised  by  the  Greeks. 
Published  by  Subscription. 

In  imperial  folio,  Price  £3  3s.  plain  ;  £4  4s.  coloured. 


66. 

THE  UNEDITED  ANTIQUITIES  OF  ATTICA. 

By  the  Society  of  Dilettanti.  Comprising  the  Architectural  Remains  of 
Eleusis,  Rhamnus,  Sunium,  and  Thoricus. 

78  very  fine  Plates,  royal  folio,  neat  in  cloth  boards  and  lettered. 

Price  £3  3s. 


67. 

8 vo.,  with  Plates,  Price  7s. 

COTTAGES  AND  HOUSES  FOR  THE 
PEASANTRY  AND  EMIGRANTS. 

ELEMENTARY  AND  PRACTICAL  INSTRUCTIONS  ON  THE  ART  OF  BUILDING 
COTTAGES  AND  HOUSES  FOR  THE  HUMBLER  CLASSES. 

An  easy  Method  of  Constructing  Earthen  Walls,  adapted  to  the  Erection  of 
Dwelling-houses,  Agricultural  and  other  Buildings,  surpassing  those  built  of 
Timber  in  comfort  and  stability,  and  equalling  those  built  of  Brick,  and  at  a 
considerable  saving.  To  which  are  added,  Practical  Treatises  on  the  Manu¬ 
facture  of  Bricks  and  Lime ;  on  the  Arts  of  Digging  Wells  and  Draining ; 
Rearing  and  Managing  a  Vegetable  Garden  ;  Management  of  Stock,  &c.  For 
the  use  of  Emigrants ;  for  the  better  Lodging  of  the  Peasantry  of  Great 
Britain  and  Ireland  ;  and  the  Improvement  of  those  Districts  to  which  the 
benevolence  of  Landed  Proprietors  is  now  directed. 

By  WILLIAM  WILDS,  Surveyor. 

The  work  contains  : — 

Chap.  I.  The  Art  of  Constructing  Houses  IV.  On  the  Properties,  Uses,  and  Manu- 
and  Cottages  with  Earthen  Walls  made  easy,  faeture  of  Lime. 

being  intelligible  to  all  classes,  and  to  the  V.  On  Well-digging,  Draining,  Well- 
most  ignorant  in  building,  with  Wood-cuts  sinking,  &c.  ;  on  Fuel,  on  Gardening;  what 
of  tools,  plans,  and  sections,  &c.  quantity  of  Land  will  keep  a  Family  in  cu¬ 

ll.  On  Bricks,  how  they  are  to  be  advan-  linary  Vegetables;  Pork,  Eggs,  Milk,  and 
tageously  applied  in  conjunction  with  rammed  Bread  Corn  ;  on  the  Keeping  of  Cows,  Hogs, 
earth  ;  rules  for  selecting  the  best  earth,  &c.  Poultry,  Bees,  and  Art  of  making  of  Candles, 
III.  On  the  Manufacture  and  Choice  of  Soap,  Storing  Fruit,  Roots,  &c. 

Bricks. 


68. 

A  SERIES  OF  DESIGNS  FOR  VILLAS  AND 
COUNTRY  HOUSES, 

Adapted  with  Economy  to  the  Comforts,  and  to  the  Elegances  of  Modern 
Life,  with  Plans  and  Explanations  to  each. 

By  C.  A.  BUSBY,  Architect. 

In  4to.  Plates,  very  neatly  coloured,  cloth  boards  and  lettered.  Price  1 6s. 
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69. 

Second  Edition,  4to.  Price  <£1  Is. 

DESIGNS  FOR  VILLAS  AND  OTHER  RURAL 
BUILDINGS. 

By  the  late  EDMUND  AIKIN,  Architect. 

Engraved  on  31  Plates,  with  Plans  and  Elevations,  elegantly  coloured,  and 
an  Introductory  Essay,  containing  Remarks  on  the  prevailing  Defects  of 
Modern  Architecture,  and  on  the  Investigation  of  the  Style  best  adapted  for 
the  Dwellings  of  the  Present  Times.  Dedicated  to  the  late  Thomas  Hope,  Esq. 

‘  Modern  Architects  profess  to  imitate  antique  examples,  and  do  so  in  columns,  entab¬ 
latures,  and  details,  but  never  in  the  general  effect.  Is  it  that  they  imitate  blindly,  and 
without  penetrating  into  those  principles  and  that  system  which  is  superior  to  the  details 
that  guide  them?  This  is  a  subject  which  it  may  be  useful  and  interesting  to  pursue.’ — 
Vide  Introduction. 


70. 

DESIGNS  FOR  RURAL  CHURCHES. 

By  GEORGE  E.  HAMILTON,  Architect. 

16  Plates,  large  4to.,  Price  16.9. 


71. 

A  POPULAR  TREATISE  ON  THE  WARMING 
AND  VENTILATION  OF  BUILDINGS, 

Showing  the  advantages  of  the  Impi-oved  System  of  Heated  Water  Circulation, 
&c.,  &c.,  & c. 

By  CHARLES  JAMES  RICHARDSON,  Architect. 

In  8vo.,  illustrated  with  Eighteen  large  folding  Plates,  Price  10s.  6 d. 


72. 

THE  PRACTICAL  HOUSE  CARPENTER,  OR 
YOUTH’S  INSTRUCTOR; 

Containing  a  great  variety  of  useful  Designs  in  Carpentry  and  Architecture ; 
as  Centering  for  Groins,  Niches,  &c. ;  Examples  for  Roofs,  Skylights,  &c. ; 
Designs  for  Chimney-pieces,  Shop  Fronts,  Door  Cases ;  Section  of  a  Dining- 
Room  and  Library  ;  variety  of  Staircases,  with  many  other  important  Articles 
and  useful  Embellishments.  The  whole  illustrated  and  made  perfectly  easy 
by  148  4to.  Copper-plates,  with  Explanations  to  each. 

By  WILLIAM  PAIN.  The  Sixth  Edition,  Price  18s. 


73. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES, 

Freehold,  Copyhold,  or  Leasehold,  Annuities,  &c.,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  Bodies,  for 
Terms  of  Years  certain,  and  for  Lives  ;  also,  for  valuing  Reversionary  Estates, 
Deferred  Annuities,  Next  Presentations,  &c.  Together  with  several  useful 
and  interesting  Tables  connected  with  the  subject.  Also,  the  Five  Tables  of 
Compound  Interest. 

By  W.  INWOOD,  Architect  and  Surveyor. 

In  small  8vo.,  for  a  Pocket-Book.  A  New  Edition,  with  the  Government 
Tables  of  Annuities.  Price  7  s.  boards. 


74. 

A  MANUAL  OF  THE  LAW  OF  FIXTURES. 

By  DAVID  GIBBONS,  Esq.,  of  the  Middle  Temple,  Special  Pleader. 
12mo.,  Price  3s.  6 d. 

*,*  A  work  purposely  written  for  the  use  of  Builders,  House  Agents,  and 
House  and  Land  Proprietors. 


75. 

THE  BUILDING  ACT  (at  Large),  side  References. 

With  Extracts  from  the  Sweeps’  Acts  ;  and  with  Explanatory  Notes  and  Cases. 
By  A.  AINGER,  Architect. 

Price  2s.  6d.  pocket  size,  cloth  boards. 


76. 

COMPLETE  ASSISTANT  for  the  Landed  Proprietor, 

Estate  and  House  Agent,  Land  Steward,  Proctor,  Architect,  &c.,  8vo.,  Price  16s. 


parliament 

VARIOUS  PAMPHLETS  ON  THE  QUESTION  OF 
THE  COMPETITION  AND  STYLES  OF  THE 
NEW  HOUSES  OF  PARLIAMENT. 

77. 

Observations  on  a  Letter  from  W.  R.  Hamilton,  Esq.  to  the  Earl  of  Elgin 
on  the  New  Houses  of  Parliament.  By  Colonel  J.  R.  Jackson.  8vo.  Is. 

78. 

A  Letter  to  the  Right  Hon.  Sir  Robert  Peel,  Bart.,  on  the  Expediency  of  a 
better  Control  over  Buildings  erected  at  the  Public  Expense,  and  on  the 
Subject  of  Rebuilding  the  Houses  of  Parliament.  By  Lieut. -Colonel  the  Hon.- 
Sir  Edward  Cust.  8vo.  Is.  183b. 

79. 


Hopper  versus  Cust  on  the  subject  of  Rebuilding  the  Houses  of  Par¬ 
liament.  8vo.  Is. 


80. 


Thoughts  on  the  Expediency  of  a  better  system  of  Control  and  Supervision 
over  Buildings  erected  at  the  Public  Expense,  and  on  the  subject  of  Rebuilding 
the  Houses  of  Parliament.  By  Lieut. -Col.  the  Hon.  Sir  Edward  Cust.  8vo.  Is. 


81. 

An  Apology  for  the  Architectural  Monstrosities  of  London,  and  a  Refutation 
of  the  many  Mis-statements  respecting  the  Practice  of  Architecture  in  this 
Country.  Contained  in  a  Letter  written  by  Lieut.-Colonel  the  Hon.  Sir  Ed¬ 
ward  Cust,  to  the  Right  Hon.  Sir  Robert  Peel,  Bart.,  M.P.  8vo.  Is.  1835. 

82. 

Strictures  on  Architectural  Monstrosities,  and  Suggestions  for  an  Improve¬ 
ment  in  the  Direction  of  Public  Works.  By  Juvara.  8vo.  6 d.  1835. 

83. 

The  New  Houses  of  Parliament,  Remarks  as  to  Site,  &c.  By  Charles 
Fowler,  Architect.  8vo.  6 d.  1836. 


84. 


A  Letter  to  A.  W.  Hakewell,  Architect,  in  Answer  to  his  Reflections  on  the 
Style  for  Rebuilding  the  Houses  of  Parliament.  By  R.  Welby  Pugin,  Archi¬ 
tect.  6d.  1835. 

85. 


Answer  to  Thoughts  on  the  Rebuilding  the  Houses  of  Parliament. 
Ferrey,  Architect.  6 d.  1835. 


86. 


By  B. 


An  Apology  for  the  Designs  of  the  Houses  of  Parliament,  marked  “  Phil- 
Archimedes,”  exhibited  at  the  National  Gallery,  with  a  Defence  of  the  Report 
of  the  Commissioners  appointed  by  His  late  Majesty  to  examine  and  report 
upon  the  Plans  which  might  be  offered  by  the  Competitors  for  Rebuilding  the 
Houses  of  Parliament.  4to.  Is.  6 d.  Second  Edition,  with  some  additional 
Criticisms.  1836. 

87. 


Letter  from  W.  R.  Hamilton,  Esq.,  to  the  Earl  of  Elgin,  on  the  New 
Houses  of  Parliament.  8vo.  Second  Edition,  Is. 

88. 

Second  Letter  by  Mr.  Hamilton,  on  the  same  Subject.  8vo.  Is.  6 d. 


89. 

Third  Letter  by  Mr.  Hamilton,  on  the  same  Subject.  8vo.  Is. 

90. 

ON  THE  SAFETY  LAMP, 

For  Preventing  Explosions  in  Mines,  Houses  Lighted  by  Gas,  Spirit  Ware¬ 
houses,  or  Magazines  in  Ships,  &c. ;  with  Researches  on  Flame. 

By  SIR  HUMPHREY  DAVY,  Bart. 

8vo.  volume,  with  a  folding  Plate,  Price  5s. 
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WORKS  PUBLISHED  BY  JOHN  WEALE, 


91. 

A  TREATISE  ON  ISOMETRICAL  DRAWING, 

As  applicable  to  Geological  and  Mining  Plans,  Picturesque  Delineations  of 
Ornamental  Grounds,  Perspective  Views  and  Working  Plans  of  Buildings  and 
Machinery,  and  to  General  Purposes  of  Civil  Engineering ;  with  Details  of 
improved  Methods  of  preserving  Plans  and  Records  of  Subterranean  Operations 
in  Mining  Districts.  With  34  Copper-plate  Engravings. 

By  T.  SOPWITH,  M.I.C.E.— 8vo.  Price  16s. 

92. 

A  SET  OF  PROJECTING  AND  PARALLEL 
RULERS, 

For  constructing  Working  Plans  and  Drawings  in  Isometrical  and  other  Modes 
of  Projection. 

Invented  by  T.  SOPWITH.  Second  Edition,  with  examples,  Price  3s.  6 d. 


93. 

GEOLOGICAL  SECTIONS 

Of  Holyfield,  Hudgill  Cross  Vein,  and  Silver  Band  Lead  Mines,  in  Alston  Moor 
and  Teesdale,  showing  the  various  Strata  and  Subterranean  Operations.  En¬ 
graved  on  three  coloured  Plates,  with  descriptions,  &c.  Price  10s.  6c?. 


Hall,  Glass,  and  Picture-Frames,  Chimney-Pieces,  Stands  for  China,  &c., 
Clock  and  Watch  Cases,  Girandoles,  Brackets,  Grates,  Lanterns,  Ornamental 
Furniture,  and  Ceilings.  Royal  4to.  Price  £1  Is. 


97. 

SPECIMENS  OF  THE  CELEBRATED  ORNA- 

MENTS  and  INTERIOR  DECORATIONS  of  the  AGE  of  LOUIS  XIV., 
selected  from  the  magnificent  work  of  Meissonnier.  15  Plates,  4to.,  Price 


CHIPPENDALE’S  DESIGNS  for  Sconces,  Chimney 

and  Looking-Glass  Frames,  in  the  old  French  style ;  adapted  for  Carvers  and 
Gilders,  Cabinet-Makers,  Modellers,  &c.  Eleven  Plates,  4to.  Price  7s. 


99. 

HOSKING  AND  JENKINS’S  SELECTION  OF 

ARCHITECTURAL  and  other  ORNAMENTS,  GREEK,  ROMAN,  and 
ITALIAN.  25  Plates,  cloth  boards,  folio,  £2  2s.  1827. 


100. 

DESIGNS  FOR  VASES,  on  17  Plates.  12mo.  4s.  6d. 


94. 

AN  ACCOUNT  OF  THE  MINING  DISTRICTS 


Of  Alston  Moor,  Weardale,  and  Teesdale,  in  Cumberland  and  Durham ;  De¬ 
scriptive  Sketches  of  the  Scenery,  Antiquities,  Geology',  and  Mining  Operations 
in  the  Upper  Dales  of  the  Rivers  Tyne,  Wear,  and  Tees.  12mo.  Price  4s.  6d. 


101. 

DESIGNS  for  CHIMNEY-PIECES  and  CHIMNEY 

GLASSES,  the  one  above  the  other,  in  the  times  of  Inigo  Jones  and  Sir 
John  Vanburgh.  10  Plates,  8vo.,  Price  4s. 

102. 


95. 

c^rnairmttsu 

GRECIAN  ORNAMENTS. 

A  SERIES  of  EXAMPLES,  in  21  Plates,  of  GRECIAN  ORNAMENT,  in 
royal  folio,  very  finely  engraved  from  Drawings  made  by  the  most  celebrated 
Architects.  Price  15s. 


A  BOOK  OF  ORNAMENTS,  suitable  for  Beginners. 

By  THOMAS  PETHER,  Carver.  5  Plates,  oblong,  Price  Is.  6d. 

103. 

ETCHINGS,  representing  the  BEST  EXAMPLES  of 

ANCIENT  ORNAMENTAL  ARCHITECTURE,  drawn  from  the  Originals 
in  Rome.  FRAGMENTS  of  GRECIAN  ORNAMENT,  by  T.  H.  TATHAM, 
Architect,  in  folio,  126  Plates,  boards  or  numbers,  Price  £2  10s. 


CONTENTS  OF  THE  WORK. 


Details  of  the  Ceiling  of  the  Propylsea,  at 
Eleusis. 

Order  of  the  Ant®  of  the  Inner  Vestibules, 
at  Eleusis. 

Capital  of  the  Antse  at  large,  at  Eleusis. 

Fragments  found  at  Eleusis. 

Tiles  and  other  Details  of  the  Temple  of 
Diana  Propylsea,  at  Eleusis. 

Capitals  and  Profile  of  the  Temple  of  Ne¬ 
mesis,  at  Rhamnus. 

Ornamental  Moulding,  Jambs,  Mouldings 
of  Interior  Cornice,  the  Painted  Mouldings 
of  the  Panels  of  the  Lacunasia,  &c.  &c.  of 
the  Temple  of  Nemesis,  at  Rhamnus. 

Details  of  the  Roof,  Tiling,  &c.  of  the 
Temple  of  Nemesis,  at  Rhamnus. 

The  Chairs  and  Sepulchral  Bas-reliefs  found 
in  the  Celia  of  the  Temple  of  Themis,  at 
Rhamnus. 

Athenian  Sepulchral  Marbles,  Capitals,  and 
Triglyphs,  at  Delos. 

Entablature  of  the  Order  of  the  Peristyle 
and  Roof,  Ornaments,  &c.  of  the  Temple 
of  Apollo  Epicurus,  at  Bass*. 

Details  of  Sculptured  and  Painted  Shafts  of 
Columns  of  the  Subterraneous  Chamber, 
at  Mycenae. 

Restored  Elevation  to  the  Entrance  of  the 


Subterraneous  Chambers  at  Mycenae,  com¬ 
monly  called  the  Treasury  of  Atreus. 

Marble  Stele,  in  the  possession  of  Mr.  Gro¬ 
pius,  at  Athens. 

Terracotta  Antefixa,  at  Athens,  and  Marble 
Fragments  from  Delphi. 

Pilaster  Capitals  from  Stratonice  and  Hali¬ 
carnassus. 

Fragments  from  Halicarnassus,  Teos,  and 
Temple  of  Apollo,  at  Branched®,  near 
Miletus. 

Entasis  of  the  Columns  of  the  Portico  of  the 
Propylsea. 

- of  the  North  Wing  of  the  Propylsea. 

- of  the  Temple  of  Theseus. 

- of  the  Temple  of  Minerva,  or  Par¬ 
thenon. 

— - of  the  Choragic  Monument  of  Lysi- 

crates. 

- of  the  Columns  of  the  North  Portico 

of  the  Triple  Temple,  termed  the  Erech- 
theum. 

- of  the  Columns  of  the  East  Portico 

of  that  Temple. 

-  of  the  Temple  of  Jupiter  Panhelle- 

nius,  at  /Egina. 

- of  the  Columns  of  the  Pronaos  of  the 

same  Temple. 


This  work  is  very  desirable  for  Sculptors,  Modellers,  Masons,  (in  designing  for  Monu¬ 
ments,  Tombs,  Tablets,  &c.)  Builders,  and  Architects.  Those  who  possess  the  Dilettanti 
work  of  the  Unedited  Antiquities  of  Attica,  and  the  Supplementary  volume  of  Antiquities  of 
Greece,  Sicily,  &c.,  will  not  need  this  work,  as  the  subjects  are  selected  from  them. 


96. 

CHIPPENDALE’S  133  DESIGNS  OF  INTERIOR 

DECORATIONS  IN  THE  OLD  FRENCH  STYLES,  for  Carvers,  Cabinet- 
Makers,  Ornamental  Painters,  Brass-Workers,  Modellers,  Chasers,  Silver¬ 
smiths,  General  Designers,  and  Architects.  Fifty  Plates  4to.,  consisting  of 


104. 

ORNAMENTS  DISPLAYED,  on  a  full  size  for  working, 

proper  for  all  Carvers,  Painters,  &c.,  containing  a  variety  of  Accurate  Ex¬ 
amples  of  Foliage  and  Friezes,  on  33  folio  Plates,  engraved  in  imitation 
of  Chalk  Drawings,  Price  15s. 

105. 

Just  published, 

THE  UPHOLSTERER’S  SKETCH  BOOK 

Of  Original  Designs  for  Fashionable  Draperies,  &c.  4to.,  16  Plates,  Price  12s. 

106. 

DESIGNS  AND  WORKS  OF  HOUSEHOLD  FURNITURE,  UPHOLSTERY,  AND 
DECORATIONS. 

DESIGNS  OF  HOUSEHOLD  FURNITURE,  VA¬ 
LANCES  AND  DRAPERIES, 

Consisting  of  New  Designs  for  Fashionable  Upholstery  Work. 

By  T.  KING. 

With  30  Plates,  coloured  in  a  superior  manner  and  hotpressed,  bound  in  cloth, 
and  gold  lettered,  with  a  letter-press  descriptive  list  of  the  contents.  Price 
£1  7s. 

This  work  contains  a  variety  of  Valances  and  Draperies  of  the  richest  de¬ 
scription,  adapted  for  Dining  and  Drawing-rooms,  with  many  novel  Designs 
for  Four-post  and  French  Beds. 

As  a  limited  number  of  this  work  is  prepared,  orders  are  requested  as  early 
as  possible. 
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107. 

UPHOLSTERERS’  ACCELERATOR, 

Being  Rules  for  Cutting  and  Forming  Draperies,  Valances,  &c.,  accompanied 
by  appropriate  Remarks,  and  containing  a  full  Description  of  a  New  System, 
which  will  greatly  facilitate  and  improve  the  execution. 

By  T.  KING. 

Containing  37  Plates,  and  44  pages  of  letter-press,  Price  £1,  4to.  post, 
common  paper,  15s. 

108. 

DECORATIONS  FOR  WINDOWS  AND  BEDS, 

Consisting  of  100  Fashionable  Designs  for  Upholstery  Work,  with  the  Va¬ 
rieties  of  the  present  Style,  divided  into  parts. 

By  T.  KING. 

On  80  Plates,  conveniently  small  for  the  pocket,  Price  £1  3s. 

109. 

MODERN  DESIGNS  FOR  DRAPERY  AND 
VALANCES, 

Displayed  in  Beds  and  Windows.  By  T.  KING.  Price  15s.  coloured,  containing 
21  Plates,  4to.  demy,  half-bound. 

110. 

UPHOLSTERERS’  POCKET  COLLECTION  OF 
FASHIONABLE  DESIGNS; 

Containing  Examples  of  a  pleasing  Effect  produced  by  the  most  Economical 
Means.  By  T.  KING. 

Price  14s.,  containing  32  coloured  Plates. 

111. 

Just  published,  3  Parts,  Price  £1  10s. 

WORKING  ORNAMENTS  AND  FORMS, 

Full  size,  for  the  use  of  the  Cabinet  Manufacturer,  Chair  and  Sofa  Maker, 
Carver,  and  Turner.  By  T.  KING. 

112. 

CABINET-MAKERS’  SKETCH  BOOK. 

By  T.  KING. 

2  vols.,  large  4to.,  60  Plates,  Price  £2  5s. 

113. 

SUPPLEMENTARY  PLATES 

To  the  work  entitled  “  The  Modern  Style  of  Cabinet  Work  Exemplified  in 
New  Designs.”  By  T.  KING. 

The  Supplementary  Plates  consist  of  68  New  Designs,  on  28  Plates, 
Price  £1  and  £1  5s. 

114. 

THE  MODERN  STYLE  OF  CABINET  WORK 
EXEMPLIFIED  IN  NEW  DESIGNS, 

On  72  Plates,  containing  227  Designs  for  Cabinet  Work. 

By  T.  KING. 

Price  £2  medium  4to.,  half-bound  ;  common  edition,  £1  12s.  in  boards. 

115. 

DESIGNS  FOR  CARVING  AND  GILDING, 

With  Original  Patterns  for  Toilette  Glasses. 

By  T.  KING. 

Price  £1,  42  Plates,  on  royal  4to.,  many  of  which  are  neatly  coloured. 


116. 

R.  MAINWARIN G’S  CHAIR-MAKERS’  GUIDE, 

200  Genteel  Designs  (1766).  8vo.,  Price  5s. 

117. 

HOUSEHOLD  FURNITURE, 

In  the  taste  of  a  century  ago,  containing  upwards  of  350  Designs  on  120 
Plates.  Large  8vo.,  Price  7s. 

118. 

SHOP  FRONTS  AND  EXTERIOR  DOORS, 

Displaying  the  most  approved  of  London  execution,  and  selected  as  being 
those  of  the  best  taste  and  greatest  variety ;  drawn  to  a  scale  by  accurate 
measurement,  accompanied  by  the  proper  Sections  and  Plans,  with  several 
New  Designs  of  great  practicability :  for  the  use  of  the  Architect,  Builder, 
and  Joiner. 

By  T.  KING. 

Price  15s.,  18  Plates,  on  folio  demy. 


ARCHITECTURAL  AND  ENGINEERING  PRINTS. 

ENGRAVED  IN  QUARTO  SIZE. 

SIR  CHRISTOPHER  WREN’S  ARCHITECTURE. 

119.  Plan  of  his  First  Design  of  St.  Paul’s,  Is. 

120.  Elevation  and  Section  of  Bow  Church,  Is.  6 d. 

121.  Interior  of  St.  Stephen’s,  Walbrook,  1.?. 

122.  Section  of  St.  James’s  Church,  Piccadilly,  Is. 

133.  Hoof  of  the  Theatre  at  Oxford,  Is. 

124.  Plan  for  the  Rebuilding  of  the  City  of  London,  Is. 

125.  Elevation,  Plan,  and  Section  of  the  College  of  Physicians,  London,  Is.  6 d. 

126.  Elevation  of  the  Tower  and  Spire  of  St.  Dunstan’s  in  the  East,  London— Elevation 
and  Section  of  Chichester  Spire,  Is.  6 d. 

127. 

WESTMINSTER  HALL. 

Section  from  admeasurement  by  Mr.  George  Allan,  (Clerk  of  the  Works  to  Sir  Robert 
Smirke,  Architect  to  the  late  Renovation).  Very  neatly  engraved  by  Mr.  Hawkswobth. 
Folio  size,  2s.  6 d. 

128. 

SECTION  OF  ST.  PAUL’S  CATHEDRAL. 

The  Original  Splendid  Engraving  by  Gwyn,  of  the  Section  of  St,  Paul’s  Ca¬ 
thedral,  decorated  agreeably  to  the  original  intention  of  Sir  Christopher  Wren;  a  very 
fine  large  Print,  showing  distinctly  the  construction  of  that  magnificent  Edifice.  Price  10s. 

This  is  a  magnificent  Plate,  the  only  one  of  its  kind,  showing  constructively  the  genius  of 
Sir  Christopher  Wren. 

Tlie  following  Prints,  8vo.  size,  are  6 d.  each ;  4to  size,  on  India  paper,  Is.  each. 

129.  Mr.  Greenough’s  Villa.  2.  D.  Burton. 

130.  Catholic  Chapel.  2.  Newman. 

131.  York  Stairs,  Water  Gate.  1.  I.  Jones. 

132.  Somerset  House,  (Elevations,  Interiors,  and  Views).  6.  Chambers. 

133.  Society  of  Arts.  1.  Adam. 

134.  College  of  Physicians.  2.  Wren. 

135.  Newgate.  1.  Dance. 

136.  Church  of  St.  Peter  le  Poor.  1.  Gibson, 

137.  East  India  House.  1.  Jupp. 

138.  Ashburnham  House.  2.  I.  Jones. 

139.  Church  of  St.  George.  3.  Hawksmoor. 

140.  Church  of  All  Souls.  1.  Nash. 

141.  Westminster  Hall.  2.  Nash. 

142.  Banqueting  House.  1.  I.  Jones. 

143.  Mansion  House.  1.  Dance,  &c. 

144.  County  Fire  Office.  1.  Abraham. 

145.  University  Club  House.  1.  Wilkins  and  Gandy. 

146.  Tower  of  Bow  Church.  1.  Wren. 

147.  Westminster  Abbey  Church.  6.  Wren. 

148.  Hall,  Christ’s  Hospital.  1.  Shaw. 

149.  Carlton  Palace.  5.  Sir  R.  Taylor. 

150.  College  of  Physicians  and  Union  Club  House.  2.  Sir  R.  Smirke. 

151.  Terraces  in  the  Regent’s  Park.  2.  Nash  and  D.  Burton. 

152.  Council  Office,  & c.  1.  Soane. 

153.  Bank  of  England.  3.  Soane. 

154.  Law  Courts,  Westminster.  3.  Soane. 

155.  House  of  Lords,  &e.  3.  Soane. 

156.  Colosseum,  Regent’s  Park.  1.  D.  Burton. 

157.  Hanover  Chapel,  l.  Cockerell. 

158.  Temple  Bar.  1.  Wren. 
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159.  House  of  Mr.  Nash,  &c.  2.  Nash. 

160.  Belgrave  and  Eaton  Squares.  2.  Nash. 

161 .  Mr.  Kemp’s  Villa.  2.  Kendall. 

162.  London,  Southwark,  and  Waterloo  Bridges.  6.  Rennie. 

163.  Bridge  of  Blackfriars.  1.  Mylne. 

164.  Bridge  of  Westminster.  2.  Labelye. 

165.  King’s  Entrance,  House  of  Lords,  Section  and  Interior  Views.  3.  Soane. 

166.  Plan  and  Interiors  of  St.  Stephen’s,  Walbrook.  2.  Wren. 

167.  Plan  and  Interiors  of  Temple  Church.  3.  Wren. 

168.  Plans,  Elevation,  and  Section  of  Custom  House,  London.  2.  Laing. 

169.  Plan  and  Elevation  of  Uxbridge  House.  Vardy. 

170.  Plans,  Elevations,  Views,  and  Sections  of  St.  Paul’s  Cathedral.  8.  Wren. 

171.  Elevations  and  Sections  of  St.  Martin’s  Church.  3.  Gibbs. 

172.  Plan,  Section,  and  Elevation  of  the  Queen’s  Theatre.  2.  Nash  and  Repton. 

173.  Plan  and  Elevation  of  the  Diorama.  Pugin  and  Morgan. 

174.  Plan,  Elevation,  and  Interior  View  of  Haymarket  Theatre.  Nash. 

175.  Plan,  Side  Elevation,  and  Interior  of  Westminster  Abbey.  2. 

176.  Plan,  Elevation,  Section,  and  Interior  of  St.  Mary  Woolnoth.  2.  Hawksmoor. 

177-  Plan,  Elevation,  and  Section  of  St.  Philip’s,  Regent  Street.  2.  Repton. 

178.  Plan  and  Elevation  of  Bethlem  Hospital.  Lewis. 

179-  Plan  and  Elevations  of  Burlington  House.  Lord  Burlington  and  Colin  Campbell. 

180.  Elevation  and  Sections  of  St.  Bride’s  Church.  2.  Wren. 

181.  Interiors  of  Sir  John  Soane’s  House.  2.  Soane. 

182.  Plan,  Elevation,  and  Section  of  St.  Paul’s,  Covent  Garden.  Inigo  Jones. 

183.  Elevation  of  the  Royal  Exchange.  2.  Jerman. 

184.  Plan  and  Elevation  of  the  Russell  Institution. 

185.  Interior  of  the  Mansion  of  Thomas  Hope,  Esq.  2.  Hope. 

186.  Plan,  Elevation,  and  View  of  the  Library  of  the  London  Institution.  2.  Brooks. 

187.  Plan,  and  Transverse  and  Longitudinal  Sections  of  King  Henry  7ths  Chapel.  2.  Be¬ 
gun  1502. 

188.  Plan,  Elevations,  Interiors,  and  Sections  of  Covent  Garden  Theatre.  6.  Sir  Robert 
Smirke. 

189-  Plan  and  Elevation  of  Mr.  John  Nash’s  House.  Nash. 

190.  Plan  and  Transverse  Section  of  St.  James’s,  Piccadilly.  Wren. 

191.  Interior  of  Freemasons’  Hall.  Sandby. 

192.  Plan,  Elevation,  and  Sections  of  St.  Luke’s  Church,  Chelsea.  2.  Savage. 

193.  Elevations,  Sections,  and  Plan  of  St.  Pancras’  Church.  3.  Inwood. 

194.  Plan  and  Elevation  of  All  Saints  Church,  Poplar.  Hollis. 

195.  Elevation  and  Section  of  St.  Dunstan’s-in-the-East.  Wren. 

196.  Elevation  and  Section  of  Bow  Church.  Wren. 

1 97.  Plan  and  Elevation  of  St.  Marylebone  Church.  Hardwicke. 

198.  Plan,  Sections,  and  Interior  of  the  Roman  Catholic  Chapel,  Moorfields.  3.  Newman. 
199-  Plan,  and  Garden  Front  of  the  British  Museum  (Old).  Pouget. 

200.  Plan  and  Elevation  of  the  Horse  Guards.  Kent. 

201.  Plan  and  Elevation  of  the  Villa  of  James  Burton,  Esq.  Burton. 

202.  View  of  the  East  side  of  Belgrave  Square.  Basevi. 

203.  Plan,  View,  Sections,  and  Interiors  of  Drury  Lane  Theatre.  6.  B.  Wyatt. 

204.  View  of  the  Interior  of  the  English  Opera  House.  Beazley. 

205.  View  of  the  Interior  of  the  Amphitheatre,  Westminster  Bridge. 


216.  Elevation  and  Section  drawn  to  a  large  scale,  of  a  Lighthouse  to  be  erected  at  the 
Cape  of  Good  Hope  ;  designed  and  drawn  by  James  Chadley,  Assistant  Engineers’  Office  at 
the  Cape,  and  dedicated  to  Lieutenant-General  the  Right  Hon.  Sir  R.  Hussey  Vivian,  K.C.B., 
and  His  Excellency  Lieutenant-General  Sir  Benjamin  D’Urban.  Very  neatly  engraved,  15s. 

217-  Dr.  George  Moller’s  very  Elaborate  Detailed  Plates  of  the  Cathedral  of  Cologne,  on 
nine  very  large  sized  sheets,  showing  the  minutest  detail  to  a  large  scale :  this  very  fine 
structure  is  nearly  coeval  with  St.  Stephen’s  Chapel,  Glasgow  Cathedral,  and  other  Edifices 
of  the  best  age  of  Architecture  in  this  Country.  With  a  text,  small  folio,  in  the  German 
language.  ^4  4s. 

218.  Mr.  Britton’s  Views  of  the  West  Fronts  of  14  English  Cathedrals,  folio  size,  8s.; 
acquatinted,  10s.  6 d. 

219.  Mr.  Britton’s  Series  of  Picturesque  Views  of  the  Interior  of  14  Cathedrals,  with  a 
Border  of  Architectural  and  Sculptural  Ornament,  folio  size,  8s. 

220.  Vardy’s  Perspective  View  of  the  Gothic  Hall,  Hampton  Court,  finely  engraved, 
folio,  5s. 

221.  Mr.  Coney’s  View  of  the  Interior  of  the  Cathedral  at  Milan,  fine  large  print,  5s. 

222.  West  Front  of  Peterborough  Cathedral,  fine  large  print,  3s.  6d. 

223.  Geometrical  Elevation  of  the  West  Front  of  the  Cathedral  of  St.  Paul’s,  London, 
before  the  fire ;  St.  Stephen’s,  Vienna ;  Strasburg,  Cologne,  the  Tower  of  Mechlin,  and 
the  Great  Pyramid  of  Egypt,  to  one  scale,  folio  print,  5s. 

224.  Plan  of  Westminster  Hall  and  the  adjacent  Law  Courts,  Is. 

225.  Chancel  of  the  Parish  Church  of  Stratford  upon  Avon,  (the  Mausoleum  of  Shak- 
speare),  showing  the  New  Timber  Roof  designed  by  H.  Eginton,  Esq.,  Architect,  folio 
size,  7s.  6 d. 

226.  Mr.  Daglish’s  two  very  large  prints,  showing  his  prize  Rails,  Chairs,  and 
Blocks,  10s.  6d. 

22 7-  The  Columbus  (or  Great  American  Raft)  commanded  by  Captain  M'Kellan,  R.N., 
length  301  feet,  breadth  50  feet,  depth  of  hold  30  feet,  3690  register  tons,  built  at  Quebec, 
1824,  by  Charles  Wood,  Is.  fid. 


228.  Hemisphere  projected  on  the  plane  of  the  horizon  of  London,  Is.  6 d. 

229.  View  of  the  West  Front  of  the  Propylaea  at  Athens,  folio,  Is.  6 d. 


230.  Map  of  Attica  with  part  of  Bceotia,  improved  from  the  observations  of  recent  tra¬ 
vellers,  particularly  by  Captain  Smith,  R.N.,  2s.  6 d. 

231.  Portraits  of  Eminent  Architects  and  Engineers,  men  who  have  done  honour  to 
Britain.  Engraved  in  the  best  style  by  superior  artists,  folio  and  4to.  sizes,  jfi'l  Is.  the  Set : 

1.  Sir  Christopher  Wren.  5.  James  Watt. 

2.  James  Stuart.  6.  Humphrey  Repton. 

3.  Nicholas  Revett.  7.  Thomas  Telford. 

4.  Sir  William  Chambers.  8.  Thomas  Tredgold. 

232.  Transverse  Section  of  the  Temple  of  Jupiter  Olympius  at  Agrigentum,  folio  size, 
Is.  fid. 


206.  A  View  of  Blackfriars’  Bridge,  with  Plan  and  a  Section  of  the  Middle  Arch,  showing 
the  Centre  and  Construction.  Very  neatly  engraved  by  Dubourg.  Fine  large  print,  7s. 

207.  View  of  the  Five  Elliptical  Arch  Bridge  across  the  Tweed  at  Kelso.  Constructed  by 
the  late  John  Rennie,  Esq.,  Civil  Engineer.  Large  print,  5s. 

208.  View  of  the  Centering  of  Blackfriars’  Bridge,  by  R.  Mylne.  Engraved  by  the  cele¬ 
brated  Piranesi.  Large  print,  4s.  6 d. 

209.  View  of  the  Progress  of  the  First  Arch  of  New  London  Bridge,  with  Centering. 
Is.  6 d. 

210.  View  of  the  Menai  Suspension  Bridge.  By  W.  A.  Provis,  Esq.,  C.E.,  &c.  Fine 
large  print,  7s.  India,  10s. 

211.  View  of  the  Cast  Iron  Bridge  across  the  Galton  Canal.  By  R.  Bridgens.  Large 
size,  4s.  6 d. 

212.  View  of  Hammersmith  Suspension  Bridge.  Finely  engraved,  large  size.  5s. 

213.  Elevation  and  Plan  of  the  Cast  Iron  Bridge  over  the  river  Aire  at  Haddlesey  in 
Yorkshire,  erected  by  the  Butterley  Company,  by  Joseph  GJynn,  Esq.,  F.R.S.  Large  size,  5s. 

214.  Plan  and  Elevation  of  Shrewsbury  Bridge.  Is.  6d. 

215.  The  Dutton  Viaduct  on  the  Grand  Junction  Railway  over  the  valley  of  the  Weaver, 
from  Drawings  by  George  Stephenson,  Esq.,  very  finely  engraved.  5s.  India  proofs,  7s.  6 d. 


233.  Mr.  Blair’s  drawing  of  a  Corinthial  Capital,  lithographed,  large  size,  2s.  6 d. 

234.  Mr.  Ferrey’s  new  design  for  the  Watering  Place  at  Bournemouth  near  Christchurch, 
Hants,  large  size,  2s.  6 d. 

235.  Mr.  Cheffin’s  large  Lithographed  Print  of  the  London  and  Birmingham  Railway 
Entrance  Front  of  the  London  station,  5s. 

230.  The  Civil  Engineer,  originally  published  by  Blunt  and  K.  M.  Stephenson,  and  sub¬ 
sequently  continued  by  Blunt;  Parts  1,  2,  3,  and  Parts  A,  B,  comprising 

1.  Boulton  and  Watt’s  Portable  Steam  Engine,  drawn  to  a  large  scale,  Plates 
1  to  12. 

2.  Marine  Steam  Engines  and  Machinery,  Steam  Corn  Mills,  Sec.,  Plates  1  to  10. 

3.  Sugar  Mill,  on  horizontal  and  vertical  constructions,  Steam  Corn  Mills,  the 
Kent  and  Surrey  Sewers,  Sluices,  &c.  ;  Smith’s  Forge,  and  Great  Forge  Hammer 
Plates  1  to  10. 

4.  (or  A.)  Sea  Entrance  Gates,  Swing  Bridges,  Canal  Bridge,  Specification  of 
the  works,  &c.,  of  the  Gloucester  and  Berkeley  Canal;  Water-wheels  and  Iron 
Roofs;  Plans,  Sections,  and  Machinery  of  the  Weymiss  Colliery,  &c.,  Plates  1  to  10. 

5.  (or  B.)  Bridges  and  Viaducts,  with  the  original  Specifications  of  the  London 
and  Birmingham  Railway ;  the  Locomotive  and  Bogie  Engines  of  do.  in  detail. 
The  Goods,  Waggons,  Tenders,  &c.,  Plates  1  to  10. 

Besides  which,  there  are  in  4to.  5  Parts  of  letter-press,  descriptive  of  all  the 
Plates. — .£1  Is.  each  Part,  and  to  be  had  in  separate  Parts. 


Gutter  tfjc  JEmmcfttatt  Patrflnajje  of  f)ts  Hate  jHaRsto, 

ITis  Grace  the  (late)  Duke  of  Sutherland. — The  Right  Honourable  the  Earl  of  Balcarres.— The  Right  Honourable  Lord  Brougham  and  Vaux. — Lord  Viscount 
Sandon,  M.P.— The  Right  Honourable  Sir  Robert  Peel,  Bart.,  M.P. — The  (late)  Right  Honourable  William  Huskisson,  M.P. — The  (late)  Sir  Joseph  Birch, 
Bart. — The  Hydrographic  Office,  Admiralty. — William  Ewart,  Esq. — William  Yates  Peel,  Esq.,  M.P. — General  Gascoyne. —  Sir  Herbert  Taylor.— 
Olinthus  Gregory,  L.L.D.,  F.R.A.S.,  Professor  of  Mathematics  in  the  Royal  Military  Academy,  Woolwich,  &c.  &c.  &c., 


AND  DEDICATED,  BY  PERMISSION,  TO  THE  WORSHIPFUL  THE  MAYOR  AND  COMMON  COUNCIL, 

A  TRIGONOMETRICAL  PLAN  OF  THE  TOWN  AND  PORT  OF  LIVERPOOL, 

INCLUDING  THE  MOST  POPULOUS  PART  OF  THE  ENVIRONS  OF  KIRKDALE,  EVERTON,  LOW-HILL,  EDGE-HILL, 

AND  TOXTETH-PARK. 

FROM  ACTUAL  SURVEY,  BY  MICHAEL  ALEXANDER  GAGE. 

Price — Mounted  on  linen,  with  mahogany  roller,  full  coloured,  varnished,  &c.,  or,  elegantly  bound  for  the  library,  in  a  book  form,  gilt  and  lettered,  £3  10s. _ 

Mounted  on  linen,  full  coloured,  &c.,  and  in  a  neat  case,  A3. 


***  Orders  Wholesale  or  Retail  executed  and  sent  to  any  part  of  the  World. 
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